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PREFACE 



Tbe snbjeets diseasaed in Phyneal Geography include several of the 

moat interestiiig and important of those which relate to the works of 

■atore. Thus the cnrreiita of the ocean, the motions of the atmosphere, 

the stmeture and constitoents of the crust of the earth, the distribution 

of animals and plants, and the peculiarities and institutions of the human 

race, all excite a lively interest in every well-constituted mind; and a 

correct knowledge of them is of much practical value to those engaged 

in the active pursuits of life, while, in every case, it elevates the mind, 

and powerfully aids in freeing it from the thraldom of superstition. By 

ndying the worics of the Great Ruler, and viewing them as He views 

m, we participate in His pure and exalted joys, so far as our humble 

ipaeities are capable of doing so. It is not, therefore, surprising that 

the study of nature keeps pace with the increase of civilization, and that 

the more enlightened portion of the community now derive greater 

easure from tracing the workings of the beneficent Creator, than from 

ntemplating the fuieies of diseased imaginations. 

The present work ia designed to serve as an introduction to subjects 

which will repay many years' close and careful study. In so vast a 

field, it were vain to attempt anything more than an ouUine of the vari- 

us subjects. We have aimed at giving such particulars as would be 

iteresting or important to young persons and general readers; and this 

principle has guided us in the selection of our materials. We have 

omitted several things which properly belong to Physical Geography, 

because they are generally given in our school geographies; and wa 

have refhiined fW>m entering on numy details not foreign to our subjects, 

{^because they would be uninteresting both to those for whom we now 

^particularly write, and to persons of greater attainments. Thus we 

' ^ might easily have swelled this volume to more than twice its present 

2 size, by entering at greater length into the animal and vegetable produc- 

I'^tions of the various regions of the globe, and giving a detailed account 

^of the geological structure of such as are known. But these details 

^ would be very uninteresting to the general reader; and they would be 

^hr too meagre and unsatis&ctory for the man of eekiu^, 'VAiaX^?^'^ 

^ At matance, would he necesaary to give an accoxml oi VSci'fe "^^wvXs^ ^1 
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erery part of the world, 00 foil that it would senre as \ book of refer« 
enee for the professed botanist ? We consider it much better to refer 
anch persons to copious treatises on the various subjects on which we 
touch, expressly adapted for them, and to confine ourselves to such 
points as attract the attention of persons who do not make the subject 
a partieolar object of study. At the same time we are well aware thai 
much interesting and important infonnation on most of the subjects 
nnder discussion, has hitherto been fonnd only in treatises which are 
generally inaccessible to those for whom this work is designed. Sudi 
information we have endeavored to supply, although, perhaps, it may 
be less directly connected with the mere name of Physical Geography 
than Baeh which we hove omitted. We considered it uiwise to sacri- 
fice the advantage and enjojrmmt of our readers to a mere name. The 
natvre of the subject should rather contn4 the name, than the name the 
iubject. Every seientifie or technical ttim is deined whwo it &nt oc- 
curs; and the index will direct the reader to this place : so that a gloo- 
•ary is unnecessary. 

The following pages were originally written some years ago : but 
they have been carefully revised, with a view to Imng every part up to 
the state of knowledge at the present day. We have consulted the beet 
authorities on tiie various subjects, and fireely availed ourselves of tiielr 
labors : for we would not assume an air of originaMty, vriiere we felt 
ourselves incompetent to improve upon the productions of others. At 
the same time, we have used some care in the selection of our materials, ^ 
and have not hesitated to express our own views, where particular dr- 
eumstanees wananted us in doing so ; and although we had no treatise 
to serve for a model, we hope the reader will find that tiie following 
woric forms one harmonious whole. 

In stndjring the great works of nature, and taking an extensive sur- 
rey of the human race, we have endeavored to write hi a style worthy 
of the subject, and to avoid the narrow and sectional views from which 
writers of higher pretensions are not always free. The great aim of all 
didactic inquiries should be—truth — whether pleasant or bitter to our 
persona] feelings. We can only say that we have attempted to make 
that the great polar star of our mvestigations. How fiir we have sue* 
eeeded, it is not for us to say. In a work whidi treats of so many sub- 
jects, and abounds so much in details, we cannot flatter ourselves that 
we have not occasionally been led into errors : but we hope these will 
be found neitlier numerous nor important; and we trust that the great 
difficulty ofattaining perfect accuracy, in more than ten successive sur- 
veys of the whole world, will be an ample apology for such as may 
•zist. 
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DIVISION FIRST. 



HYDROLOGY, OR DESCRIPTION OF THE WATERS. 



PAKT I. 

GENERAL DESORIPTIOir OF THE OCEANS AND SEAa 



§ L — ^Pbbuminart Remarxb. 



Thb Ocean, in a general sense, oonsistB of those immense tncts ct 
water which surround the habitable globe, extending from pole to 
pole, and connected with innumerable aims, or branches, termed 
Seas, Bays, Gulfs, Straits, Sounds, sad Channels. I^iey all fertilise 

*' and beantifjr the various portions of the earth, and form one great 
and magnincent mass, which signaU j bespeaks the glorious wisdom 
and incomprehensible power of €k>d. Being navigable in every 
part, they constitute a ffreat highway of commerce, covered with 
^ ships of the civilized world, and affording a medium of inter- 
oonrse betwe^ the most distant portions of the earth. They are 
the ultimate <»ri^n of all the other waters that are found on the 
&ce of the globe. 

Acc(»rding to some naturalists, the ocean forms the residuum of 
the chaotic fluid in which all solid bodies were held originally in a 
state of solution, and from which they have been precipitated ot 
crystallized, and br2Ught to their present state. It is from the 
vapors exhaled by the ocean that the atmosphere is furnished with 
sufficient moisture to support and refresh organic nature, which 
languishes when deprived of dews and rains. Then plants frtde and 
droop; animals feel their strength friil; and even man himself 
breathes but dust, and can with difficulty procure shelter fr^m the 
sultry heat by which his frame is parched and overpowered. 

Geographers estimate the ocean and i1» branches to occupy three 
fourths of the entire sur£su)e of the globe ; but the exact proportion 
between land and wsUer baa never been atoertauied. 

1 



S HTDBOLOOr. 

The ocean may be divided into five great basins, viz.: The 
Pacific, or Oriental, the Atlantic, or Western, the Indian Ocean, thd 
Arctic, or Northern, and the Antarctic or Southern Ocean. 

The total sur&ce of these oceans is as follows : — 

Square Miles. 

Pacific Ocean, . • 60,000,000 

Atlantic " 25,000,000 

Indian ** 17,000,000 

Arctic « 1,000,000 

Antarctic « 30,000,000 



Total Surfece, .... 123,000,000 



§n. — ^Thb Pacific Ocean. 

This ocean, so named from its comparative tranquillity, and often 
called the Oriental Ocean, separates Asia from America. It is the 
largest of the five great basins, and somewhat exceeds in point of 
extent the entire sur&ce of the dry land. Its greatest length is 
from east to west, eleven thousand miles. Its breadth, eight thou- 
sand miles. 

It is bounded on the east by the shores of Western and Northr 
western Ameri^ ; west, by the eastern shores of Asia. On tha 
western side, and between the tropics, its svahce ]& studded with 
innumerable groups of islands, all remarkably small, and consisting 
in a great measure of coral reefe, rising up like a wall, and elevatea 
but a little above the level of the sea. These islands are the work 
of innumerable minute insects, whose incessant labors are thus 
CTadually forming new lands in the bosom' of the ocean. The 
jracific and its dependencies may be said to contain that portion of 
the globe termed Oceanica, or "The Maritime World," which is 
divided into Australasia, Malaysia, and Fol3mesia. Each of these 
divisions consists exclusively of groups of islands. On the western 
side, the Pacific communicates with the inland seas of Japan, and 
Ochotsk, the Yellow Sea, and the Chinese Sea. On the eastern 
side, it has the inlets of California and Queen 6harlotte^s Sound. 

Australasia comprehends New Holland, now commonly called 
Australia, (by &r me largest island in the world,) Papua or New 
Guinea, Tasmania or Van Diemen's Land, New Zealand, New Cale- 
donia, New Hebrides, Solomon Isles, New Britain, and New Ireland^ 
with the smaller islands adjacent Malaysia includes Borneo, Suma- 
tra, Java, and the rest of the Sunda Chain, Celebes, the Moluccas or 
Spice Islands, and the Philippines. Polynesia comprehends the 
numerous groups of islands that lie. ecattefed through the Pacific^ 
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tnm laL 86** N. to 50® S^ and from long. 100^ W. to 180° K 
Hie jffincipal groups are the Sandwich Ismnds, the Marquesas or 
Washington L^ds, the Society Islands, the Friendly or Tonga 
Islands, the Navigat(^' Islands, the Feejce Islands, Mulgrave^s Archi- 
pelago, the Carohne Isles, the Ladrones, and the Loochoo Isles. 

Besides the preceding, the Pacific contains many other islands, of 
which the most important are Hainan and Formosa, on the coast of 
China, the Japan Isles, the Kuriles, the Aleutian or Fox Islands, 
(stretching from the New World to the Old,) Vancouver's Island, 
the Galapagos, Juan Fernandez, and Chiloe. 

On the American side, the Pacific receives no rivers of any conse- 
quence, except the Columbia and the Colorado. On the Asiatic side, 
it receives the waters of the Amoor, Hoang Ho, Kianku, and Mecon. 



§ IIL — ^Ths Atlantio Ocbak. 

This ocean is usually divided into North Atlantic and South 
Atlantic or £thi(^ic Ocean. It is bounded on the east by Europe 
and Africa, and on the west by America. That part between Europe 
and North America, is frequently called the Western Ocean. The 
Atlantic basin extends from 70° N. lat. to 35° and 60° S. lat ; 
bot it is only half the size of the Pacific Ocean. Its length is 
about 8,400 miles ; its breadth, which is very unequal, varies firom 
1,800 to 5,400 miles. The South Atlantic contains few islands, and 
no inlets of any consequence. The North Atlantic abounds in large 
islands, and in deep and numerous inland seas, which penetrate &r 
on each side, both into the Old and New Worlds, and fit it for the 
most extensive commerce on the globe. On the eastern shores it 
receives the Niger, Senegal, Congo, Orange, Tagus, and Loire Rivers. 
On the west, it receives the river La Plata, the Amazon, the Orinoco, 
and the Ifississippi, which are the largest rivers in the world. The 
principal seas and bays connected with the Atlantic, on the east 
side, are the Mediterranean, and its dependency the Black Sea, the 
Bay of Biscay, the Britbh Channel, St George^s Channel, the Irish 
Sea, the NorUi Sea, and the Baltic. On the west side, it is con- 
nected with the Caribbean Sea, the Gulf of Mexico, Chesapeake Bay, 
Long Island Sound, the Bay of Fundy, and the Gulf of St. Law- 
rence. Its islands, though not so numerous as those of the Pacific, 
are neither few nor unimportant. On the eastern side are the British 
Isles, at present the most important in the whole world, (including 
Great Britjun, Ireland, the Isle of Man, the Aebudes or Hebrides, 
the Orkneys, the Shetland Isles, and the Isle of Wight,) Iceland, the 
Faroes, the Lofifoden Isles, the Azores, the Madeiras, the Canary 
JUaads^ and the Cape Verd hka. On the WQBlosm &dkib ol ^^ 



Atlantie are Hie Ck>laml)iaii Aichipelago, or West Indies, (of yftoAi 
tiie most important are Cuba, Hayti, Jamaica, Porto Rico, Trinidai, 
and the Bahamas,) Newfoundland, and Terra del Faego. Betwedti 
the tropics the trade-winds blow steadily, but beyond lirese the windt 
are very variable ; and ttie North Atlantic is very subject to storms, 
particularly between the meridians of 40° and 6(r W. long. Hence 
navigators style this part of ttie Western Ocean •* the roaring forties.* j 
But the Atmtic is firee from those coral ree& which abound in tibe 
Pacific and Indian Oceans. 

One of the most striking phenomena of this ocean is the Gutif 
Stream, which arises from &b equinoctial currents tibat run toother 
from the east, and pass through the Caribbean group of idands, 
towards the coast of America, into the Gulf of Mexico ; thence it 
rushes into the Atlantic, between the Peninsula of Florida and the 
Island of Cuba. Here its velocity is five miles an hour. It continues 
to flow along the coast of the United States, expanding in width, and 
diminishing in rapidity, till it reaches the Banks of Newfoundland. 
It then turns towards the shores of Europe, where its course becomes 
acaroely perceptible. It may be known by the color of its waters. 



§ IV. — ^Thb Indiak Ocbak. 

Hie Indian Ocean, or third great basin, is bounded on the north 
by Asia, on the east by New Holland and the Sunda Isles, on the 
west by Africa, and on the south by the Antarctic Ocean. Its extreme 
western limit is the Cape of Good Hope, in long. 21° 27' K, and its 
extreme eastern limit tine southern extremity of Van Diemen's Land, 
in k>ng. 147° 20' E. Its length fi^m north to south is about 4,000 
tmles ; its mean breadth about 3,500. Its principal seas and gulfe 
are the Red Sea, t^e Arabian Sea, the Persian Gul^ and the Bay df 
Bengal tt receives the waters of the Irawaddy, Brahmapootra, 
Gkmges, Indus, and Euphrates. Its islands are Ceylon, Madagascar, 
tiie Laccadives, the Maldives, Socotra, Andaman, Nicobar, and the 
Isles of France, Mamitius, and Bourbon. Numerous rocks and coral 
iee£s render the navigation of the Indian Ocean very dangerous : but it 
never freezes, and it is afw^ free from floating ice. The trade-winds 
prevail here, between the TrojMC of Capricorn and the 10th degree 
of sooth latitude. To the norai of this region the monsoons prevail 



g V. — Thk Arctic Oobaw 

The Arctic Ocean is an immense drcular basin, surrounding the 
NdAPo^ and commwii^iting witk the Pacific and die Atlantio 
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hy tnro diazmels, one <^ wMdi seiMurateB Ameriea ftmn Borope; ike 
otiher separates America from Asia. Few points of the coast cit 
Emope and Asia, which occupy a full half of the circumscribing 
drde, extend much beyond the parallel of *I0° ; and the other bound- 
ary, consisting of the northern coasts of America, reach no nearer 
to the Pole. Hence, the mean diameter of the basin of the Arctic 
Ocean may be taken at 2,400 miles. Its interior, at central parts, 
are Uttle known. Several islands are scattered over the southern 
extremities, die largest of which is Greenland, whose northern limits 
are unknown. The others, of any connderation, are Spitsbergen, 
Nova Zembla, the isles of New Siberia, Banks, Melville, Bathurst, 
Sabine, Walker, and Lec^ld Islands, ComwaUia Island, Cockbum^s 
Island, and Cumberland Island. 

This ocean is ^ a great part of the year locked up in ice ; and 
during the rest; floating masses of the same substance endanger thei 
life of the mariner. 

Hie principal bays and seas connected with it are, the White Sea, 
the Sea of Labrador, (which separates Labrador from Greenland,) 
Baffin's Bay, and Hudson's Bay. From the old contin^t, it receives 
the Lena, i enisei, Oby, and Dwina Bivers ; in the new, it receives 
the Mackenzie, and the Coppermine Eiveis. 



§ YL— Aktabotio Ocbak. 

Tills ocean, which is still less known than the Arctic, joins the Pa- 
dflc in the latitude of 50°, and the Indian Ocean in latitude 40° S. 
Floating ice occurs in every part of it^ as well as in the Arctic or 
Northern Ocean, and literally rises to the height of small mountains. 
This characteristic feature of the two Polar S^Ets^ as they are termed, 
has also given the name c^ Frozen Ocean to both Arctic and Antarc- 
tic. This ice is most abundant in the parallel of 60°. It was long 
supposed that a large contment of land and fixed ice occupied the 
greatest part of the space within the Antarctic Circle. 

In 1819, South Shetland was discovered, lying between the lati- 
tude of 62°, and longitude 55 and 65°. Mr. T^dell has ednce ex- 
amined this quarter, nearer the Pole, and he believes that it is sur- 
rounded with fixed ice. The United States Exploring Expedition 
have more recently discovered what is probably the long-sought 
southern contment It lies south of New Holland, beyond the par- 
allel of 60° S., and appears to be guarded by a strong barrier of 
everlasting ice. The enterprise of modem navigators hae discovered 
several islands in this ocean ; but they are all hmesa and uninhalnted, 
and consequently ci little importance. Ab the Antarctic Ocean k 



6 BTDBOtOGT. 

whoU;^ bonnded by other ooQans, it ocxiflequonily leoelves no xireiii 
and gives off no seas or bajs. 



8 Vn. — ^Detached Seas. 

The sea is usually distinguished from lakes by being composed of 
salt water, while these consist of fresh. Hence we are spmewhat 
astonished tp learn that there are many bodies of water throughout 
the earth, which, though they have no ^parent connection with 
the ocean, are composed of salt water. Tnese we caXL* Detached 
SecLS. The most striking example of this kind is the Caspian 
Sea, which is 700 miles long, and 200 broad, and covers an area of 
160,000 square miles. It receives the Volga, the lai^est river in 
Europe, and the Ural. But the most curious and interestmg example 
of a detached sea is the Dead Sea in Palestine, which is 44 miles long^ 
and 1 1 broad. The saline contents of the Caspian are inconsiderable ; 
but those of the Dead Sea gready exceed the poportion general 
throughout the ocean, — ^being 26.24 per cent. ; while those of the 
ocean are only from 3 to 4 per cent. The Dead Sea receives the 
waters of ttie Jordan, so often mentioned in Holy Writ 

To the north and east of the Caspian Sea, occurs a range of salt 
lakes, one of which, the Lake of Eltonsk, contains no less than 29.13 
per cent, of salts. In this range occurs the Sea of Aral, likewise 
brackish, and resting in the same hoUow which contains the Caspian^ 
but not connected with it. It is 250 miles long, and 120 broad, 
with an area of 20,000 square miles. It receives the waters of the 
Amoo or Oxus, and of the Sirr or Jaxartes. 

In point of size, these detached seas are rivalled by the grand 
lakes of North America. Their saline character i^ a peculiarity con- 
nected with their having no outlet. The natural condition of water 
is the fresh state in which it &lls from the clouds. It acquires its 
sahne properties by accident This is indicated particularly by the 
varying degrees of saltness even in the ocean ; for it is most salt be- 
tween the Tropics, where the evaporation is greatest, and least «o at 
the Poles, owing to the infusion of melted ice. We need not, there* 
fore, be surprised at finding that the detached seas and salt lakes are 
of a different degree of s^tness from the mean of the ocean, or that 
they differ among themselves. 

There is no trace of animal hfe in the Dead Sea. Persons who 
have swum on its surface, assert that its waters are light and ex- 
tremely buoyant, owing to its great specific gravity. The skin 
smarts very much fi^m a contact with its waters, which have a 
greasy feel ; and they come out covered with a sensiUe incrustation 
of salt The stories told oi birds not being able to fly across without 
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droppiiig dead, in oonseqiienoe of the fomet ariang fiom it, belong 
to me ckss of fabulous and imaginary tales, produced by manrellouB 
appearances. Sulphur, and bitumen or asphalt, are among the 
unusual substances contained in the waters of the Dead Sea. The 
Caspian Sea, also, presents, on its western shore, s^mngs of naphtha. 

Fot a long time, it was believed that a subterranean passage 
existed between the Black Sea and the Caspian, forming a secret out- 
let for the large quantities of water brought into the K>rmer sea by 
the Volga and otner rivers. As evidence in &vor of this supposition, 
it was observed that the sea calves, dolphins, and other marine 
mammalia dT the Mediterranean and Black Seas, were of the same 
species with those found in the Caspian. It was thought that these 
animals had found their way into the Caspian through subterranean 
passages. Such ideas are now entirely discarded by men of sdence. 
It has long been known that the Caspian stands at a lower level than 
the ocean. Halley, an English astronomer of the 17th century, 
supposed the depression or hollow in which it rests, might have been 
piodaoed by the strdke of a comet. But when, about Sxe year 1 792, 
some barometrical observations indicated its being fully 300 feet 
below the level of the ocean, that idea was pronounc^ absurd. The 
same theory, however, was afterwards adopted by dose and scientifb 
observers, and it became again the subject of serious inquiry, whether 
such mi^ht not actually have been the &ct After many measure- 
ments, lul resulting dmerently, a levelling process was adopted in 
1837, which proved the depression of the Caspian below the level 
of the sea, to be about 83 or 84 feet But it is not only the surfiEU)e 
of the Caspian which is concerned ; for the eastern and northern 
shores being almost level for a large space, it appears from a calcula- 
tion of Baron Humboldt, that the extent of contmental land depressed 
below the level of the ocean, is not less than 18,000 square leagues, 
being more than the area of France. We are not sure that the 
Baron includes in this calculation the sur&ce and precincts of the 
Lake of Aral, whidi is now believed to be about the same level with 
the Caspian, and divided from it by a very low tract 

Nearly about the same time, when the Russian literati were en- 
gs^ged in this investigation, several gentlemen of di£ferent countries, 
almost simultaneously, and independently of each other, discovered 
that there was a similar depression in me area of the Dead Sea. 
Ideut Symonds, in 1841, made a trigonometrical survey of the 
space between JaS& and that water, and ascertained it to be depressed 
below the Mediterranean, no less than 1,314 feet* Thus the area 
occupied by the Dead Sea and the surrounding country, the scene 

* This agrees veiy nearly with the recent measarement by Lieutenant 
Igfndi, who iound it J^l 7 feet, 
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(^ some of the meet remarkable events in lustory, appears to be a 
kind of pit Even the Lake of Tiberias, seventy mil^ up the valley 
of the tfordan, was discovered by lieut Symonds to be 328 feet 
below the level of the ocean. 

From the above discoveries it results, that there is no possible 
means of exit for the waters thrown into the Caspian and Dead Seas, 
besides evap<^*ation. Great as is the volume brought in by the 
rivers, the sun, in these warm latitudes, is sufficiently powerful to 
withdraw it again, thus keeping down the surfiBce at a certain general 
level lower thfui liiat of the ocean. 

It is believed that the reason of the saline taste of those isolated 
masses of water, as well as of the ocean itself, is, as was long ago 
suggested by Buffon, that these waters are the ultimate residuum, or 
place of deposit, for the particles, of salt washed by the rivers in their 
courses, out of the land. The Caspian is to be regarded as a co-or- 
dinate of the great ocean itself^ although on a small scale. A lake 
or pond into which a rivulet flowed would be another example, and 
even in so sm^l a sheet of water a certain portion of salts would in 
time accumulate, by means of the rivulet coursing through a certain 
space of land. Sir Roderick Murchison, in his work on the Greology 
of Russia, thus describes tlie character of the great basin occupied 
by the Aral and Caspian : — " Excepting a tract of the Ust UrstJ in- 
terposed between these seas, which is a plateau of miocene limestone, 
ranging under 1,731 feet above the level of ihe Caspian, this large 
region may be generally described as a desiccated sea bottom, en- 
tirely comjposed of sand, with occasional heaps of gravel, veiy fine, 
rarely argillaceous and loamy, and almost everywhere strewed over 
with shells, or the debris of species, some of which are now living in 
the adjacent Caspian Sea. This superficial formation rests on the 
flanks of the miocene limestone of Ust Urst, showing that it was de- 
posited in a sea which insulated that district, which sea appears to 
have been one preciselv resembling the present Caspian ; for the fos- 
sil shells are wholly of the kinds which live in brackish seas, [Car- 
dium, MytiluSy and Adacne^ resembling these also in their being of 
a very limited number of species, while numerous as individuals ; 
in which respect brackish seas differ from ordinary seas, where the 
species are usually of great variety.** Murchison, therefore, believes 
that the great Steppes or Plains of Astrakan, and all the rest of that 
low tract, forming what may be called the Axalo-Caspian Basin, was, 
in comparatively modem times, but before the age of history, covered 
by a brackish sea, forming a sort of inner Mediterranean, fully equal 
to that sea in extent This tract is, doubtless, only saved fit)m being 
so now by the strength of the evaporative power. Were that power 
diminished to any serious extent, the lai^e rivers now flowing into 
i^e Aral and Oaspm Seas (the Oxus, the Jaxaxte&) Ik^^ Yol^&<u^ 
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would undoubtedly poduoe a sheet of water^bywhyi this extensile 
portion of wefitem Asia would be overflowed, so that the power of 
the sun's rays is the immediate instrument in the hands d[ a merciful 
Providenoe, to preserve the inhabitants of Astrakan from permanent 
inundation. So, in Hke manner, would this tract of coimtry become 
the seat of the extension and prolongation of the Mediterranean Sea, 
if the ground intervening between it and the Black Sea, or the Sea 
of Azov, were to be broken down by any cause whatever, or even 
lowered. 

It becomes an interesting subject of speculation, by what means, 
and in what circumstances, have the Caspian and Aral been drained 
or emptied down to their present diminished forms and extent. We 
may presume from present appearances, that the Aralo-Caspian Basin 
had onoe a greater height by at least the amount of 150 to 200 ieet 
The question then arises, by what height of country is this basin 
divided frx>m that of the Black Sea, the only one with which a con- 
nection has been presumed to have existed? Pallas describes a 
certain dif^ like the border of an ancient lake, extending between the 
extremity of the Uralian Mountains, and a point near the upper 
extremity of the Sea of Azov. This is said to average about 800 
feet above the Aralo-Caspian Basin. The brackish character of the 
ancient Caspian, decided by the nature of its shells, shows it to have 
been separated from the Black Sea, by an elevation sufficient to cut 
off all communication of their respective wattts. It is generally 
believed by the people living in the neighborhood of the Caspian, 
that its waters are slowly, but constantly diminishing. We know not 
whether this be the feet, but we do know that a snuJl overbalance of 
the evaporative power over the filling power, such as we may believe 
now exists, would be sufficient in the course of time to reduce the 
great sea of a former age to the present pair of detached lakes. 

Muichison thus spec^tes on ue subject : — ^ Whibt we especially 
invite attention to the grandeur and peculiarity of this former mtemal 
sea, we tliink that its dmiinution to the size of the present Caspian and 
Aral Seas, is mainly due to oscillations of its fermer base. The 
eruptive rocks which range along the Crimea, the Caucasus, and the 
Balkan of Ehauresm or Ehawezm, are fortunately at hand to explain 
that as igneous matter, in many forms, has sought an issue at many 
points in those contiguous mountains, partially raising up sedimentary 
deposits, and changing their mineral aspects and conditions, so, 
probably, have internal widely-acting expansive forces, derived from 
the same deep-seated source, heaved up in broad horizcmtal masses 
to the dififerent levels at which we now foid them, the bed of the 
great Caspian Sea, and such portions of land about it, as are admitted 
hy all observeiB to lie beneath ihe surfece of the ocean." 

Tius »peea]atkm k not yet altogether •a^B&Mtoiy^ «!^^C2»i^ 

1* 
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btereBtbg ; and there is an o{^)OBite theory, foimded on a very im* 
portant fact, which seems to dm for an equal d^ree of attention, 
namely : that there are many lakes deeper than the neighboring seas, 
and that in their cases we should also find a sub-aeiial depression, if 
the evaporative power were only in excess over that by which the 
lake is fed. 'Die bottom of Loch Ness, for instance, is 700 or 800 
feet below the sur&ce of tlie North Sea. Were that lake in a suffi- 
ciently torrid climate, we should, according to this theory, see it 
transformed into a comparatively small salt lake, below the sea level^ 
and occu|mng the bottom of a vale, precisely like that of the Jordan 
and Dead Sea. Lake Superior, in North America, the surface of 
which is 627 feet above the sea, has a bed 336 feet below that lieveL 
Here an increased evaporative power would have exactly the same 
f^kcL Such depressions of tlie sur&ce, apart from the bed of the 
ocean, are common ; the motions of the surfisice alluded to, althougb 
among the most unquestionable of the £acts educed by Geology from 
the history of the past, were at their maximum of intensity at an 
earlier period than those of the superficial f6nnations. 

These speculations are not exclusive of the possible connection of 
the Black Sea with the Aralo-Oaspian, in an earlier age. It has been 
ascertained, beyond dispute, that in some parts of the earth, the 
relative level of the sea and land has undergone a change to i^e 
extent of many hundreds of feet Suppose this to have been also 
the case on the confines of Europe and Asia : then the Aralo-Gaspian 
would be an inner Mediterranean, as Murchison calls it, until the 
waters fell below the point where they joined ; after which, it would 
be isolated, and its drainage would commence by means of ev^K>rB- 
tion. The fish of tiie present Caspian are said to be a difi&rent 
species from tiiose of aU other parts of the earth, though they are 
generally called by the same names, such as salmon, sturgeon, 
nerring, Ssc^ but the same marine mammalia exist here, as in the 
Black Sea. If we could suppose the differences in the fish to be 
only such as differ^ices of conditions can in the course of time eiSect, 
there would be nothing to prevent our r^arding the G^logy of the 
Caspian as an interestmg memorial of the former connection of this 
sea with the ocean. 



§ VJIl. — Inland Seas. 

By an inland sea, we understand one that communicates with the 
ocean by a strait, or narrow channel. The largest and most im- 
portant of these is tiie Mediterranean, which has been the scene of 
Dy fiur the greatest number of the nautical adventures of antiquity. 
Ilh ihe *^Qreat /Sea" often mentioned in the sMied miting^ it 
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eoBnminicfltai irith the Atlantic by the StraitB of Gibraltar. Iti 
matest length from east to west is about 2,350 miles, and its 
breadth is not short of 650 miles at the widest part It is bomided 
on the nordi by Europe, on the south by Africa, on the east by Asia, 
and on the west by the Atiantic. It contains many islands ; the 
prindpal of which are Corsica and Sardinia, not £Eir from the coast 
of Italy ; Sicily, separated from it by the Straits of Messina ; Iviza, 
Majoica, and Ifinorca, on the eastern coast of Spain ; the Ldpari 
Isks, wad Elba, both on the Italian coast; Malta, south of Sicily; 
Gorfri, Cephalonia, and Zante, on the coast of Greece, (and which, 
togedier with Paxos, Anti-Paxos, Leucadia, Vathi, and Stro^Eidia, 
are called the Ionian Islands,) Cerigo, an island lying at the extreme 
south of the Morea in Greece ; Oandia, or (Jrete, lying at the 
entrance of the Grecian Archipelago ; the Cydades, east of the 
M(»!ea, Tasso, Lemnos, Metelin, Sdo, Samoe, and Rhodes, — all in 
the Archipedago, — and C^nprus, on the coast of Syria. 

Several parts of the Mediterranean bear other names : the part 
on the coast of Tuscany is called the Tuscan Sea, — that between 
Southern Italy and Greece, the Ionian Sea, — that east of Italy, the 
Adriatic, or Gulf of Venice, — ^that north of Candia, the Grecian 
Sea, or Ardiipelago, — and the part east of Candia, the Levant. 

The prindpal riven that disdiarge into the Mediterranean are the 
Nile, the Maritza, the Po, the Rhone, and the Ebro. 

Tlie Black Sea, and its dependendes, the Sea of Azov, and the 
Sea of Marmora, contain only brackish water, and dischaige a con- 
tinuona current into the Mediterranean, through the Da^anelles. 
Henoe they might not improperly be classed with lakes. The Sea 
of Azov recdves the waters of the Don, and the Black Sea, those 
of the Dniep^, Bug, Dniester, Prut, and Danube. Hence it is 
easy to see me cause of the current which flows constantly into the 
Meditenanean : the sur&ce is not sufficient to evaporate all the 
water whidi flows into it. 

The Baltic resembles the Black Sea in having only brackish 
waters, and pouring a continuous current into its prindpal sea, the 
eause being probaUy the same in both cases. It receives the 
waters of the Neva, Duna, Niemen, Vistula, and Oder. It is fre- 
quently froeen over in winter; and has, in this condition, been 
repeatedly crossed by whole armies. It communicates with the 
North Sea by the Catt^at. 

The North Sea, or German Ocean, is bounded by Great Britain 
and the Orkney Islands on the west, and the continent of Europe 
on the east; and reaches from the Straits of Dover to the Shet- 
land Islands, where it joins the North Atlantic It receives the 
waters ct the Elbe, the Weser, the Rhine, the Thames^ aad th^ 
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PART II. 



PARTIOULAB DESORIFTION OF THB WATERS, AND THEIR 

PROPERTIES. 



§ L — QuixiTDSs OF SsA Watsb nr qxneral. 

Sba water contains, besideB pure water, eeveral other substances 
Sn proportions which differ in different places, the principal, as com- 
monly given, bein^ common salt or chloride of sodium, hydro- * 
chlorate ci magnesia, sulphate of magnesia, and sulphi^ of lime. 
By boiHng the sea water, or confining it in pits, and exposing It to 
evaporation, common coarse salt is procured. The saltness <^ the 
sea is not so great near the poles as within the tropics, except where 
there are guin which receive many rivers. 

Sea water contains the following per centage weight ai salt in ' 
various places : 

Near Iceland, 1.12 

Near Norway, . • . • 1.10 *r 

In the Baltic, . 1.30 *] 

North Sea, nerjr the Thames, 1.29 ^ 

In the Irish Sea, 1.40 

In the Atlantic, coast of France, 1.82 

Coast of Spain, 1.46 , 

In the Memterranean, north of Malta, . . . 1.27 

Sea water is in some places less salt at the sur&ce than at the 
bottom. In the Straits of Oonstantmc^le the proportion is as 72 
to 62. In the Mediterranean, as 82 to 29. Wherever it becomes 
more salt it loses its bitterness, and becomes, according to observa- 
tions of Sparrman, hke fresh water, at 60 fethoms below the surfiKse. 
In order to ascertain this £Eict, Sparrman took a botUe of sea water 
from that depth. It resembled rather fresh water with common 
salt dissolved m it. 

The saline contents of the waters of the wide ocean do not, as fiur 
as experience has gone, differ much in different latitudes, and under 
different meridians. The mean is about 3.5 per cent, in the weiglit 
of the water ; but the saltness is more or less i^ected by currents and 
Mtarma. It i§ diminished at the suiSmm during b»sN7 T^ana^uxd. bf 
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k the diflchaige of rivers ; but increased by evaporatioii, which oamaa 
' off the water fresh, and leaves the salt behind. Hence, there is often 
little consistency in detached observations. 

From a great variety of experiments. Dr. Maroet oondades, fint : 
that the Southern Ocean contains more salt than the Northern, in 
the ratio of 1.0291 to 1.02757. Secondly: that the mean speoifio 
grarity of sea water, near the equator, is 1.02777, intermediate be- 
tween those of the northern and southern hemispheres. Thirdly : that 
there is no notable difference in sea water under different meridiana. 
Fourthly : that there is no satis&ctory evidence that the sea, at great 
depths, is more salt than at the surface, fifthly : that the sea, in 
general, contains more salt where it is deepest, and most remote from 
Smd ; and that its saltness is always much diminished in the vidnitj 
of laige masses of ice. Sixthly : that small inland seas, thougn 
communicating with the ocean, are much less salt than the open 
ocean. Seventhly : that the Mediterranean Sea contains larger pio- 
I pcnrtions c^ salt than the ocean. This last is explained from me mct| 
\ that a pretty strong current from the Atlantic always flows inward 
at the mouth of the Mediterranean, to supply, as is supposed, the 
water which escapes by evaporation, and leaves its salt behind. So 
great, however, is the influx, that this inland sea ought to have be- 
come perfect brine, or perhaps, to have deposited beds of salt, if 
there were no efflux ; and accordingly it is maintained that there iB 
an outward current at the bottom, which carries cff this exoees of 
salt, and prevents its deposition, in the vast hollows at the bottom* 
But this imder current is supposed, and not proved. 

The following are the mean speciflc gravities of the waters of 
different seas, according to Dr. BCucet's experiments ; — 

Arctic Ocean, 1.02664 

Northern Hemisphere, 1.02829 

Southern Hemisphere, 1.02882 

YeUowSea, 1.02291 

Mediterranean Sea, 1.02930 

Sea of Marmora, 1.01915 

BladtSea, 1.0U18 

TVhiteSea, 1.01901 

Baltic, 1.01628 

Lake Ourmia, 1.16507 

Dead Sea, 1.11100 

The saltness of inland seas is subject to many variations. At the 
entrance of the Black Sea, the water is Salter at the bottom than at 

I the surfece. It is said that this is caused by an under current from 
file Mediterranean. The saltness of the inland seas is often affected 

i by the str^^ and direction of tl;^ wind, either foidng US 01 X«t»^^ 
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ing the entranoe of water from the ocean. Accordingly, by the 
experiments of Wilcke, it appears that the salthess of th<5 Baltic is 
increased by a west wind, and still more so by the north-west wind ; 
but it undergoes a diminution when the wind is from the east 
Thus, the specific gravities are, for a westerly wind, 1.0067; 
westerly storm, 1.0118; ditto from north-west, 1.0098; easterly 
wind, 1.0039. Hence, the proportion of salt in the Baltic depends, in 
no small degree, on the different winds ; a proof that the salt is not 
only derived from the neighboiing ocean, but that the storms have a 
much greater effect on this saltness than is generally supposed. 

The constituent parts of sea water have been an object of much 
examination. The late Dr. Murray, of Edinburgh, was of opinion 
that there were various sources of fallacy in analyzing sea water, and 
that different modes of operating on the same water gave very different 
results. Two reasons are assigned for this, viz., that some of the 
different salts naturally decompose each other in the process, and 
that a part is lost entirely by evaporation, especially if the tempera- 
ture be high. Accordii^ to him, 10,000 parts of water from the 
Frith of Forth, (which is not sensibly different from that of the 
ocean,) contain 220 parts of common salt, 33 of sulphate of soda, 
42 of muriate or hydrochlorate of magnesia, and 8 parts of hydrochlo- 
rate of lime. But this result differs widely from more recent analyses. 

Dr. Schweitzer, in the P141osophical Magazine, for July, 18^9, 
fpves its composition as follows : — 

Water,. . 964.745 grains. 

Chloride of sodium, ...... 27.059 " 

Chloride of magnesium, 3.666 ** 

Sulphate of magnesia, 2.296 " 

Sulphate of lime, . . . .... 1.406 " 

Chloride of potassium, . .... 0.766 " 

Carbonate of lime, 0.033 ** 

Bromide of magnesium, . , .' . . 0.029 " 
Traces of iodine and ammoniacal salt^ 

Total, . . . . • . , . . . 1000 

Acc(»'ding to Dr. Bladh, the saltness of the sea, or ocean, is greater 
near the tropics than at the equator. 

The bitterness of the ocean is very great, when taken from the 
surfece, or near the shore ; but when drawn from great depths, its 
taste is only saline. It would appear, therefore, that this bittemeBS 
is chiefly owing to the greater abundance of animal and vegetable 
matter or substances which float on the ocean, and which are de- 
eompoBed or putrefying, and brought unceasingly into the ocean by 
the nwning waters or rivers. 
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Ma& Hever uses sea water as a beverage. Some of die lower ani* 
mala, however, oocaaionally travel far to drink it ; sheep are fond of 
licking the salt left hy the waves on the shore, and so are horses and 
cattle, which appear to &tten more easily when feeding on vegetation 
growing on sah marshes. Sea water is also considc^ned a cure for 
certain diseases. 

Many attempts have been made to render sea water fit to drink, 
by freemg it from salt Distillation is the most effectual method ; 
but the expense of hel k immense at sea, and, after all, this process 
does not divest it of all its Inttemess. Hence, mariners often perish 
of thirst, amidst the mighty waters of the great deep. Sea ice, 
niieQ melted, afibrds nearly fresh water ; but, being devoid of air, 
its taste is not very agreeable, though it would be highly prized in 
times of necessity, and forms the best substitnte for fresh water. A 
temporary rehef from thirst maybe obtained, it is said, from holding 
sea water m the mouth. 

Without the qu^ty of saltness, and without the constant agitation 
of its waters, whic^ are appointed by Divine Providence, the fluid 
that oonstitirtes the ocean would become corrupt, and destroy the 
animal life that now exists so abundantly within its bosom. 

Several modem philosophers consider the ocean as the residuum 
of a primitive fluid, which must have once held in solution all the 
sabatances of which the globe is composed ; that these sea waters, 
having deposited all the earthy principles, both metallic and add, 
with whi(£ they were impr^nated, there remains in the residuum, 
which c(Hi8titates the present ocean, some of the elementary prind*- 
pies, too intimately combined with the water to escape from it But 
this theory is now generally abandoned ; and it is considered that the 
ocean was produced by the condensation of the aqueous vaporo of the 
primitive world. 



§ n. — Color of thb Oosak* 

The color ci the ocean varies very much in different places, but it 
IB generally of a fine deep blue on Ate ocean, and green towards the 
coast, or in shallow water. This apparent color of the sea seems to 
arise from the aame causes which impart a blue shade to the distant 
mountains, and give the atmosphere an azure hue. The rays of blue 
hght, being mo^ refrangible, pass in greatest quantity through the 
water, which, from its den»ty and depth, makes them undergo a 
ftrong refraction. The other shades in the color of sea waters depend 
moix causes both local and iUusoir. Among the mote g|^T\.eni!i%^\a«^ 
CI deeepdtM^ iiia^ i&e redbofied the aspect of th^ TltesaS «ol «^ 



1$ BETDltOLOer. 

the cloads being reflected in the wavesy is mistaken.for the color c( 
the sea itself. Thus red clouds give a similar blush or rosy tint to 
the waves ; and on some occasions the e^es of the waves^ by re- 
fracting the solar beams like a prisno, exhibit all the brilHani colore 
oC the rainbow, which is still more nearly imitated by the refraction 
of the rays in the spray. Where it is shallow or transparent, the 
color of the bottom is frequently mistaken for that of the water ; and 
this happens near the shoie, espedaUy near the nx)uths of riversy 
where the diffiision of mud and other earthy matters cannot SbltI to 
BlSkei the color of the sea. The variety of colors in the sea may 
probably arise, in part, from animal and v^etable substances, diffiised 
through the waters in a putrescent state, and conomunicating various 
tints. The yellow and bright green shades seem to be owing ta 
living marine vegetables, which grow at the bottom, stretch &eir 
fil»res through the water, or spread over the sur^Eicid ; and it is sup- 
posed, that the color of innumerable minute <^nfmak is often conr 
founded with that of the sea. 

The Mediterranean has someiimBes a purple tmi . In tiie Gulf of 
Guinea the sea is white, and around the Maldive Islands it is black. 
The Vermeille^ or Vermilion Sea, near Oahfomia, has received ita 
name from the color of its waters. The same phenomena may be 
seen also at the mouth of the Rio La Plata. A great number of insects 
may impart a peculiar tinge to an expanse of sea. The green and 
yellow colors K>und between the Canary and Ca^ de V ei^ Islands^ 
and in the Mare IH Sargasso, arise from a marine vegetable whidi 
grows at the bottom of the ocean, and coivers the sur&ee of the 
water, and produces the sanoe effect as that called efflorescence on 
lakesw The color of the Greenland Sea^ according to Mr. Scoresby, 
varies from ultra-marine blue to diive green, and from tlie purest 
transparency to great opacity. These appearances, he thinks^ are nol 
transitory, but permanent ; not dependmg upon the state of the 
weather, but on the quality of the water. In 1607, Hudson noticed 
these changes, and observed, that the sea was blue where there was 
ice, and green where it was open. This may have been accidental, 
however. The green water forms perhaps one fourth of the Green- 
land Sea, between latitude 74^ and 80°. It ofken eonstkntes long 
bands, or currents, lying north and south, or north-east and south 
west. In 1817, Mr. Scoresby sometimes passed through stripes d 
pale green, olive green, aad transparent blue, in the course of ten 
minutes. The food of tiie whale occurs chiefly in green water, and 
there the flshers leok for them, and more especially in the opake 
green than in the transpareiit blue, because they do not readily see 
their enemies through the former. On examining the differently 
colored sea water, Mr. Sc(»esby found various substances and animals 
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mmiense ; these were one fe»tirth(^an inch astmder. Henoe, a cabio 
£x>t would contain 110,592. From these and numy similar obser- 
TationSy Mr. Sooresby concludes that the Arctic Sea owes its color to 
animalcules, and thai these occasion the opacity of the olive-green 
waters. The blue is uncommonly transparent^ and ccmtains but few 
<^ the animalcules. 

Hie ocean is generally transparent in proportion as we recede from 
the shore, and is decidedfy more so in cold climates than in hot| 
owing, perhaps, to the smaller quantily of organic noatter difibsed in 
the waters of high latitudes. From this there are exceptions, as in 
the case of the Arctic Sea, just mentioned, and the Caribbean Sea, 
which is often remarkably tran^arent. It is not known to what 
depth the sdiar rays penetrate into the ocean ; and this circumstance 
is {MTobabl^ as various as the transparency ci the sea, on which it de- 
pends. Some limit the distance to 100 yards ; othen assign more 
than doable that epaoe 
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The light or sparkling of the ocean is a magnificent and imposing 
iq)eetacle. The vessel, while she ploughs h^ way throu^ the deep 
seems to mark a furrow of fire through the billows. Each stroke 
seems to dash fifom the oar of tiie rower in the long-boat a brilliant^ 
ti^a^^mg light, and at other times a tranquil, pearly one. Here, thou- 
sands <n himinous points like little stars appear floating together on 
the sur&oe, and multiplying to form one vast sheet of light. There 
the refulgent waves heave up, and roUis^ together, break in shining 
foam. At other times, appear sparkling bodies resembling fish pur- 
suing one another. 

The explanation of this phenomenon has much occupied the atten- 
tion of philosophers. Yalisneri, Rigaud, and Dicquenasse have 
shown that this light is frequently produced by a little animal called 
the ** Glow Worm of the Sea," which has a body extremely thin 
and transparent, and emits a light which is dazzling and vivid, and 
seen at a considerable distance on the sur&ce of the waves. The 
observationB of Griselini, of Godeheu, of Dagelet, and Adamson, 
have proved that the sea contains other luminous animals, particu- 
larly polypi, and scolopendrae. The medusae dart from their horns, 
or antennae, light like that of a candle, while their bodies remain in 
the dark. The pennatula marina throws out so much light as to 
make other fish discernible at night. All th^ o\3ei€n9^o'Q& c>\^^ 
B6ron, and lamgsdorff ooD&rm this eirolanation. ¥oT)i^%to\3S^C>«s^'^ 
I^MBier, Miki otben^ tidid[: tbst ibe h^^ &q a^ ^^<^sa c^mX^ ^j<i^=^^ 
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BOtion of Triable and animal substances, whidii, in the process of 
putre&ctioii, emit their light or their phosphorus, as it is tamed, 
the term being peciiliar to the particular species of lighi The spaiwn 
of fish also emit a h^t^ which has occasioned the jS^bamen to gire 
them the name of "Herring Lights." 

It is observed thai the light ci the ocean is stroi^est hdbre a 
storm, -which Newton attributes to the friction of marine currents^ 
The %ht which proceeds from animalcula, generally precedes a sUnm. 
Dr. Francis Buchanan has giren, in the Edinbmgh PhikxM^hical 
Journal, a rery siii^ular and interesting account ci $ai extnKH:dinaiy 
shining of the sea, which occurred in 1785, in long. 61^ £., and laL 
6° S^ when the sea assumed the appearance of the milky-way, and 
was covered with humnous spots resembling the brighter stara in 
that constellation ; and although the l»reak and swell of the sea was 
so considerable as to affect the motion of the ship, neither could be 
seen in consequence of the dazzling light, which continued until day- 
break. Several buckets of water were drawn, which proved to be 
full of luminous bodies abont a quarts of an inch long, and the 
same in iHreadth. When brousrht near a candle their liirht dis- 
appeared, but by imnnte attenti^ an extremely tiun wbitellament 
was observed, covering their bodies, which could be taken up with a 
{nn's point. These animalcula moved like worms in the water, and 
retained their shining property when they were diy. The fibmeni 
that covered them was of a umform shining color, and like a spider's 
thread in thickness. 

The albkores, laige fish Ibund near the coast of Africa, not frur 
from the equator, frequently congregate and agitate the animaleules 
so as to excite a peeuhar splendid iHnminatikm, which these emit 
only when agitated by the pursuit of large &h, or some other cir- 
cumstance, as the coneossioQ of the elements. 
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The temperature of the ocean has probably a tendency to fi^ow 
the mean temperature of the climate ; but many powerfril causes 
interfere to modify it; thus, between the tropics, the mean tempera- 
ture ci the ocean at its sur&oe is abont 80^, and it generally raises 
between 77^ and 84°. Beyond the tropics it begins to decrease, but 
without observing any stnct connection with the latitude ; because, 
on account of the great specific heat of water, powerful currents 
cannot fiail, partially, to preserve for some time, the temperature <^ 
the place whence they came. Hence, currents fr(»n the torrid zone 
ModjMma^mkthjg^hisiBdi^ raise the touporato^ c& ^hi^ ^»q«^ 
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aboTO wbni usually bekmgs to bucIi parallels. The reverse holdi 
good of odd icy currents from the Frozen Ocean, or Arctic regions. 
Tbe temperatare of the ocean is much more steady than that of 
the supeiinoamb^it air, and has hkewise a smallor annual range : 
ttnleas where very shallow, it has scarcely any diurnal range. 

The temperature of the ocean, on descending below the surface, 
goienlly decreases, but not according to any umform or known law. 
Thus, at a depth of five &thoms, it is sometimes 1^ colder ; while in 
d/Hher inatanoes, it requires 100 fkthoms for 1^. Sometimes the cold 
attains its maximum at a depth of 100 fathoms, and sometimes it 
requires 400 or 500 fiskthoms. According to an experiment related 
by GdL Sabine, the temperature of the Caribbean Sea was 45° 50' 
at a depth <^ 1000 Mhoms, while its surJGice was 83°. But the 
eoormous pressure at the bottom probably compressed the ball of the 
thermomettf , and kept the apparent temperature above liie real In 
the Aietic Sea, the temperature increases with the depth. Mr. 
Sooresby, who first ascertained this £Eict, found an increase of 6.6'' 
and 8^ at the respective depths of 120 and 730 fathoms; Capt. 
Parry, 6° at 240 fathoms ; CcA. Sabine, Y.dO"" at 680 &thoms ; 
lieat. Beechy, 10° at 700 fathoms, and Mr. Fisher, 9.50° at 188 
&thoms. Thus the rate of increase of temperature in the Arctio 
Sea has as inconstant a connection with the depth, as the decrease 
in the temperate and torrid zones. Sea water freezes at about 28°, 
after which the ice has been observed to cool down to -55° ; but we 
cannot thence infer that a lower temperature does not occur in the 
Polar regions. 
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The depth of the ocean is a question on which our information 
is very imperfect, and there is little likelihood that much accurate 
infimnation will ever be obtained on the subject, as far as regards 
the wide ocean. 

According to the speculations of La Place, the depth of tne 
ocean is comparatively small, and nearly uniform. If, therefore, it 
be remembered, that the bottom of the ocean is still a part of the 
earth's surfsuie, and by much the greatest portion also, one would be 
apt to ask, why the larger part of the surface should be more level 
than what appears as dry land. The soundings which have been 
made in the ocean, are quite inadequate to decide the question. 
They, however, often indicate great inequalities in the depth ; but 
how hi hollows may have been filled with debris, or asperities 
worn down, it is not easy to say, though it is more likely that the 
BamauiB of the mountaina exposed to the alt^mal^ oi eoioX:&ss&^ 
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tetions of air and moisture, Buffer a mcnre rapid abrasion than thoae 
which are wholly under water. In general, the slope of the a^^ 
cent shore is continued a great way under the water; that is, tilie 
sea is usually shallow where the shore is flat; while its depth ii^ 
creases rapidly by the side of a difif or steep mount»n. It is there- 
fore probable, that some islands, though very small, may be the 
tops of submarine mountains as large perhaps as the highest thai 
are seen on the sur&oe of the earth. In many instances no bottom 
has been found. This might proceed either from the shortness of 
the line or cable used for sounding, or from its being borne amde 
by rapid currents. Lord Mulgrave, with a line of 4,680 feet, found 
no bottom in the "North Atlantic At the Straits of Dover, the 
central depth is 29 &thoms. The North Sea contains various shal- 
k>ws or Sand Banks ; yet, generally speaking, the depth increases 
in going north ; and near E^rgen in Norway, it amounts to 1,140 
tbet A great part of this sea, however, is less than 100 feet in 
depth. Most parts of the ocean have never yet been fathomed, 
atuiough sounoing lines five miles long have been employed. Th» 
ntmost depth is supposed to be about 30,000 feet ; and Sir James 
Boss actually found no bottom 900 miles west of St Helena with a 
fine of 27,600 feet. 
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The bottom of the sea, like the surface of the earth, varies in 
ferm. In some seas there occur flats and plains, ranging to a con- 
siderable extent; and when near the siuroce of the water, they 
form what are called Shoals. In other cases, plains of great extent 
occur, deep below the surfoce of the sea, wluch are denominated 
deep Submarine Plains. These plains, like those on dry land, some- 
times contain hollows of considerable extent, and great depth. The 
deep hollows under the sea, off the east coast of Scotland, known 
as Montrose Pits, are of this description. The bottom of the sea is 
sometimes hilly. These hills vary m form and magnitude, and are 
dther deeply seated, or rise above the sur&ce of the water, forming 
rocks and islands. In tropical seas, the bottom, when not v^ 
deep, becomes incrusted with coral, which sometimes rises to the 
surrace, and then forms coral ree^ coral shoals, or coral islands. 

If the bottom is very deep, but sends up from below hills whose 
snmmits are not far below the level of the ocean, these, in tropical 
itonBj also become covered with coral. 

If the ocean were dried up, the surface would present mountains, 
TaDeys, and plains, which, though unseen, unquestionably exist, and are 
dkiuffuiabea ihun the visihla by the ej^thfiit, vobsamn^ Tbi^ Wr 
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iam 6i ihe sea is, moreoirer, inbibitedf to the depth of about 1,800 
feet, hy immense nmnben of testaoeom aTumaK In a great many 
ijaoesy the madrepores form a kind of petrified forest, fixed at the 
bottom of the sea ; and frequently this bottom presents difierent 
layers of rocks and earth, so that the granite rises up in sharp- 
pcmted masses. Near Marseilles, marble is dug from a submarine 
^[Qarry. 

There are Intmninons springs, and springs of fresh water, that 
ipoot up from beneath the sur&oe of the ocean ; and in the Crulf of 
Sjpezia a great spout, or fbimtain of fresh water, is seen to rise like 
a liquid hilL Smiilar springs furnish the inhabitants of Aradus with 
their daily beverage. On the southern coast of Cuba, in the Bay of 
Xagua, at two or three miles from land, spring of fi^h water gush 
up with such force, in the midst of the brme, Siat it is dangerous for 
amall boats to approach them ; and the deeper the water is drawn 
fbom them, the fresher it is. It has been obeyed, that in the neigh- 
borhood of steep coasts, the bottom of the sea sinks down suddenly 
to a great depth, while near a low coasti and one of gentle declivity, 
the sea deepens very gradually. 



§ Vn. — ^Lktkl of the Ssas. 

Hie level of t}ie seas is generally the same everywhere. This 
arises from the equal pressure in every direction, which the particles 
<^ a fluid exercise upon each other. The ocean, considered as a 
whole, has, then, a spheroidical sur&ce, which may be considered as 
the true figure of the globe. The only exception to tlus position, 
may, perhaps, be found in gul& and inland seas, which have only a 
slight communication with the ocean. In these parts of the sea, the 
level of the water may be sometimes a little more elevated than in 
^be ocean. It is said that the Dutch found the level of the Zuyder 
Zee oonfflderably higher than that of the North Sea. The Red Sea, 
called the Arabian Gul^ also appears to be more elevated than the 
Medxterranean Sea ; and in general, small portions of the sea, open 
only to the east, have a higher level, on account of the accumulation 
of waters, driven into these gul&, as into an alley, without an outlet, 
by the general movement of the sea from east to west The trade- 
winds, also, when they blow against the mouth cf an iidand sea, 
have a tendency to raise its level above that of the ocean. On this 
account it is, that the Arabian Gulf, or Red Sea, at Suez, is from 25 
to 30 feet higher than the Mediterranean at Alexandria, which, from 
Ae opposite action of the wind, and the great evaporation, is sup- 
posed to be a little below the general level of the ocean. 

Same g^A and inland seas, as the Baltic fOidBl&Kk ^o^^fffii^ m 



iixring, from the coi>iou$ influx of riyer water, and are knveied inr 
summer by evi^ration, and the efHux at their outlets. Of late yearn 
there has been considerate discussion r^arding the subsidexice of the 
Baltic, below the level it had formerly maintain^ While some support 
this opinion, and venture to explain the cause, others deny the fact 

Both the trade-winds and the general westward motioo of the 
ocean, £>rce the water into the Gulf of Mexico and the Caribbean Sea, 
80 as to maintain a higher level there than on the western coast, oppo- 
nte ; the difference being about di feet The consequence of ^is 
accumulation of water is, that it generates a current, moving north, 
which, after various windings thro^h the Atlantic, at length reaches 
the western shores of Europe. This is the well-known Gulf Stream, 
already described. 

Some natiB*alists allege that the debris, or alluvial matters didly 
abraded by the adion of the weather on the sur£Ekce of the land, 
and swept into the ocean by the streams, must, at length, raise the 
level of the ocean, till it cover the whole globe, unless there be some 
compensating process, which either makes up for the exhausted mar 
terials, or gradually elevates the entire continents above the water ; 
it is not very easy io calculate what the alternative is. A compen- 
Bating power may be situated deep in the crust of the earth. Such 
a compensating power exists also in volcanic eleva^ons, the action of 
the coral insect, and the deposition of matter in shallow seas, till 
they are ocmverted into kmd. It is well known, for example, that 
the delta of the Mississippi is now several leagues loi^r than when 
New Orleans was built 
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lee is formed on the ocean, though the salt which forms one of 
the chief constituent parts of its water, enables it to renst the process 
of congelation, at the <M*dinary firee^i:^ point of fresh water. This 
quality, however, does not resist the rigor of the Arctic regions, wheie 
tne temperature of the air has been seen as low as 80^ below zerow 
Sea water freezes at 28° ; but this temperature varies a little with 
the degree of saltness found at the particular point Sea water parts 
with its salt in freezing. Hence, compact, pure sea ice affords fresh 
water on being melted. But when the ice is of a loose or cellular 
texture, (that is^ full of air-holes,) its pores c^n contain liquid brine ; 
and therefore, on being melted, it a&rds only brackish water. It is 
the affinity between the water and the salt which retards the conge- 
lation of sea water ; because, the greater the saltness, the lower is 
the freezing temperature. 

J}0tacbed jmmei of ice aee oeeaaiionaQjiMVivi&^fywft^ 
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ocean, at bo low » parallel of latitade as 40^, in both hemispherai, 
haying been conveyed thiUier by currents from the polar regions. 
At the parallel of 50^, they are more abundant ; and there it is 
common, in winter, to see the shallow edges of the sea covered with 
ice. At 60^ N. lat, the gul& and inland seas are often frozen over 
their whole sur^use. As we proceed towards the Poles, the ice b^ 
comes more and more abundant, and of larger dimensions, till at 
length we come to fields of ice, and icebergs, or mountains of ioe. 
The process of congelation begins at the surface of the sea, with 
the formation of slender, prismatic crystals, resembling wet snow, 
termed by sailors sludge. The surface is at first rough ; but by the 
union of the numerous crystals, it becomes smoo^ and forms a 
continued sheet, which is next broken by the agitation of the water 
into fragments of about three inches diameter ; these a^in coalesce 
into a stronger sheet, which in its turn is broken as beK>re, but into 
larger fragments, cs^ed pancake ice. 

Where the water is free from agitation, and the surfisice perfectly 
calm, the congelation goes on more regularly, and more rapidly. 
During twenty-four hours of keen frost, ^e ice frequently attains a 
thic^ess of from two to three inches, and is soon fit to walk on, 
when it is called bay ice. When the thickness is about a foot, it is 
called light ice ; and when three feet thick, heijLvy ice. The term 
fieldy is given to a sheet of ice so extensive that its fiEU*thest end can- 
not be seen firom the mast-head. Very large, loosened pieces, whose 
boundaries may be seen readily, are called floes. Fragments of 
thick ice floating together, are called brash ice. Floating ice of any 
sort, sufficiently loose to permit a vessel to pass through, is callea 
open, or drift ice. 

The sudden disruption of extensive fields is sometimes produced 
by that powerful tendency to undulation of the surface callea ground 
swell, which is communicated by the motions of the adjoining liauid 
snr&ce of the ocean during a continued storm. The ice, when thin^ 
merely yields ; but if thick, it is broken with a tremendous noise, 
A very interesting account of such a phenomenon is given by a party 
of missdonaries, who passed along the coast of Labrador, in sledges, 
drawn by dogs. They narrowly escaped destruction, but were near 
enough to witness it in all its grandeur. The immense fields of ice, 
rising out of the ocean, clashing against one another, and then 
plunging into the deep, with a violence which no language can de- 
scribe, and with a noise like the discharge of a thousand cannon, 
that struck even the minds of the poor i^quimaux with such 
solemn awe, that they unanimously expressed their gratitude to 
God for their escape, and acknowledged lus glorious omnipotence,* , 

* See lkowR*B BjsUjryoiibe lYopagatioQ oi Cbrisdaxatj«--N^\L> Vl* 
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niougli water undergoes a great expansion in the act of free2ang, 
yet ioe obeys the ordinary law of solids : that of expanding by heat^ 
and contracting by cold. The effect, therefore, of intense cold, is to 
contract ice, which, if of large dimensions, or fixed all around, has 
no alternative but to break where it is contracting most This is 
often attended with a tremendous report. On the contrary, a rise 
ci temperature may not only bring the parts to meet agam, but 
often makes them lap over, or burst up with great violence. 



§ IX. — ^lOEBERGS, AND THEIR EFFECTS ON NAVIGATION. 

The term iceberg is applied to huge masses of ice, resembling 
mountains, whether floating on the sea, or resting on land. The 
smaller icebergs appear to be sometimes formed in the sea itself, by 
the aoicumulation of ice and snow ; but the larger seem to be frag- 
ments of land icebergs, or glaciers, which have been piled up on 
shore till quite overgrown, and ultimately broken and launched into 
the ocean by their own weight Masses of this sort abound in 
Baffin's Bay, where they are sometimes two miles long, and one 
half or one third as broad« They are bristled with various spires, 
xvnng sometimes 100 feet above the water, and descending much 
mcnre below it When compact ice floats in water, the part under 
the surface is nine times as thick as that above it; and hence, the 
ioeberffs may sometimes descend to a great depth, though they 
flihould be far from consisting of very compact ice. 

Icebergs of an even sumce, rising 90 feet above the sea, and 
baving an area of five or six miles square, are very common. Those 
of East Greenland are of an inferior size ; and they are still smaller 
around Spitzbergen, where some of enormous dimensions appear on 
ihore. 'Hie reason assigned for this is, that owing to the shallow- 
Bess of the water into which the huge fragments are precipitated, 
they are all shattered against ihe bottom into a thousand pieces, 
before they are fairly launched into deep water. When a glacier 
b^ins to cive way, it leans majestically forward, and precipitates 
itself into me ocean, either in large firagments, or in one huge mass, 
producing a noise like thunder, and raising clouds of smoke like 
those of a furious cannonade. 

Icebergs variously affect navigation. They are often highly uso- 
fiil by protecting navigators from gales of wind, as well as from the 
concussions of drift ice, which moves more quickly than icebergs 
"when acted upon by the wind. Ships are sometimes moored or 
anchored to icebergs, but not without danger, for these floating 
masses are so nicely balanced as to be easily oveitumed should they 
An^ ^ J^lRite against the bottom of Vda wsu TV^ oc^ueraesasn. 
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produced in this way sometimes detaches lai^ fragments; and 
sometimes the iceberg rolls forward, to the imminent danger of the 
Tessely though 100 yards distant ; so great are the waves and whirls 
caused by such an occurrence. 

It does not appear that any na^gator has been within 6^ of the 
North Pole, although some accounts pretend to a nearer approach. 
Ca}>tain Parry, in Us last voy^e, reached to 82^ 45', and this is 
the nearest approach certainly known. The failure of Captain 
Cook'sL attempt to penetrate to the South Pole, gave rise to an idea 
which has been pretty generally entertained since his time, that the 
South Pole is surrounded with fixed ice to the distance of 18° or 
19° ; and a more recent Russian expedition gave still worse hopes, 
as they could not get beyond the latitude of ?0° south. Mr. Wed- 
dell has since that period reached 255 miles nearer to the Pole, and 
met with no obstruction. This enterprising navigator contends 
strenuously that the South Pole must be free from ice, and might 
be reached in a suitable vessel. But the late exploring expeditions 
have not penetrated further than 79^ ; and the obstacles which they 
encounteml were such as will probably deter future navigators frcmi 
venturing further. The cold is so intense and steady in the most 
southerly lands which they discovered, that they exhibit not a trace 
of vegetation. 



§X — ^Motions of the Ocean. 

The waters of the ocean are perpetually in motion ; and it is 
believed that, without this provision of Divine Wisdom for the 
economy of nature, in place oi tempering and purifying the air, 
they would themselves become putrid, and destroy all animal life, 
both within their sur&ce and on land. 

The water of the ocean yields to the slightest imj^ession ; and 
although ita density and weight combine to retain it in a constant 
eqnililffium, it is agitated to a certain depth by very rapid and 
varied motions. These motions may be classed according to the 
manner in which the particles that compose the fluid move, or the 
nature of the agents which give rise to the motion. Difference of 
direction distinguishes the horizontal motion from the vertical. In 
the first, the water flows along the sixrSacQ of the globe ; in others, 
it only retires from the sur&ce and approaches the centre. Hori- 
zontal motions may be direct, or recurved, or circular. On the 
extent and duration of motion, depends the diflerence between 
oscillations, in which the whole mass of waters is moved at once, 
and undulations, in which the motion is propagated from one part 
^q^ tba mass to the other. With reference to their canae^ tlM 
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motions ci the ocean may be divided into three kinds, udereal^ 
atmospheric, and internaL The sidereal are those which depend 
upon the influence of the heavenly bodies, constituting the tides ; 
the atmospheric are those produced by the action of the winds, 
l(»rming waves and some currents ; the internal motions are those 
caused by the action of terrestrial gravitation, and include all the 
motions not due to the other two causes. With regard to ihoee 
violent osdllations which accompany earthquakes, and arise fix>m 
hidden volcanoes, they may be called sea-quakes ; they are only of 
occasional occurrence, and so local that they cannot with propriety 
be classed with the ordinary and constant motions of the ocean. 

In respect to the present subject, the ocean may be divided into 
three beds, or strata, of varying thickness : 1st, that agitated by the 
winds — ^the region of waves ; 2d, the r^on of currents, extending 
deeper than &e preceding ; and 3d, the immovable r^on, where 
the gravity and cohesion of the particles counteract the action of 
waves and currents, and prevent all motion, except such as may 
arise from occasional agencies. This region is of course below the 
others, and includes all the waters between the lower limits of the 
8d and the bottom of the ocean. 



§ XI.— Waves. 

The motions which first present themselves to our notice, are those 
partial aikl alternate risings and Mings of the sur&oe known by the 
name of waves, or imdulations. The friction of the wind on the un- 
even surface of the water causes a slight swell, and as the hollow is 
protected, the next blast increases the swell, till it becomes one of 
those huge masses of moving water, the sight of which fills every 
mind susceptible of high emotions, with joyous awe and admiration. 
Waves are scarcely ever without progressive motion ; but the real 
progress of the surface of the water is generally small, compared to 
the apparent motion of the waves, as is easily proved from every 
floating body which does not rise above the surface, so as to be hur- 
ried forward by the wind. 

Waves are distinguished into natural and accidental. The natural 
are proportional to Uie strength of the wind producing them. Un- 
equal and violent winds give rise to waves which tower aloft, like 
framing mountains, roll, rebound, and dash against each other. A 
strong, constant, and equal wind produces long, ridgy waves, which 
all rise with the same front, push forward with the same velocity, and 
finally precipitate themselves, in r^ular succession, on the shore, or 
ifibar c^ytoBiDg object. Sometimes a wave vus^^didd by a ss*^ <^ 



windy or arrested by a enrrmi, ferms a liquid wall, to the immiiieDi 
danger of the navigatcv. 

In roundiDg the Cape of Good Hope, waves, or rather swells, are 
met with so yast, thai a few ridges and a few depressicHis occupy the 
extent of a mile ; but these are not so troublesome to navigators as 
a short swell, with more per})endicular waves. The slopes in the for- 
mer are so gentle, that the rising and felling is rarely felt, while the 
latter, by the sudden plunging of the vessel, is often destructive. 
The large waves just mentioned, proceed at the rate of from 30 to 40 
miles an hour. It is a ccxnmon error to suppose ihat the water itself 
advances with the speed of the wave, while in feet, the former only 
advances ; the substance, with the exception of a little spray, remains, 
rising and feUing, in the same place, with the regularity of a pendu- 
lum. When a wave, however, reaches a shallow bank, or beach, the 
water becomes really progressive ; because, then as it cannot sink 
directly down, it fells over and forward. Although the e3q)ression, 
*^ billows mountain high," has become proverbial, the tops of the very 
h^hest waves are never more than 40 feet above the next depression* 
But a wave coming against any obstacle can be raised up to a much 
greater elevatioii ; more particularly if the opposing obstade has a 
contrary motion, as frequently happens at the mouths of some great 
livers. The enormous waves produced in such circumstances, (termed 
boresj) sometimes roll on with great velocity, to the extreme danger of 
navigators and their ships. They are generally highest at spring tides* 
The most sublime md remarkid[>le example of this phenomenon, is 
that which is seen at the mouth of the Chrellana, or Amazons, where 
the wave is sometimes ISO feet h^h. 

Accidental waves are occasioned by the repercussion of the winds 
from the hills and bold coasts, and by the dashing of the waves on 
rocks and shoals. Waves are always seen to roll towards the shore ; 
but any obstacle opposed to their progress, becomes the centre of a 
new series, whk^ spread in circles. One set of waves, however, may 
not interfere with the motion of another, and they may mutually 
cross without interruption. 

Breakers^ or waves which break against some obstacle, when formed 
over a great extent of shore, are distinguished hy the name of 9uff. 
The surf is greatest in those parts of the ocean where the wind blows 
always nearly in the same direction. The depth to which ordinary 
waves agitate the waters has not been ascertained with any degree 
of accuracy. Divers, however, assert that at the depth of 90 feet 
calm water is found, even when the surface is agitated by a violent 
tempest ; and it is supposed the influence of waves does not go down 
beyond 40 feet Geometridans have attempted to subject the motions 
of the waves to calculation ; and they assert, that t^e pro^^adou 
€/ wmvm would be equal to the descent oC a ln^^ VA^^ix^'EOL^ 
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heigbt equal to one half the depth of water m the diannel. Ck>itte 
quently, the depth being one foot, the velocity of the wares would 
be 5.005 feet in one second of time, and if the depth be greater or 
kss, the velocity of the waves will vary in the sub-duplicate ratio of 
the depths, provided they are not too considerable. But these calcu- 
lations are deemed, by good judges, very unsatisfactory. f 
We must distinguish the waves produced by the momentary ac- 
ti<m of the wind, and those which arise from the impulse cortimuni 
Gated by the preceding wind, or by a current, or by any other cause. 
Navigators d%en experience this double oscillation, which contributes 
to augment the agitation of the vessel i 

§ Xn. — GsinBRAL Naturk op Tidbs. 

The tides of the ocean are those regular and periodical oscillations 
which the waters of the ocean undergo, from the respective attractions 
of the sun and moon. 

The motion of a planet revolving round the sun, depends on the 
comparative strength of the centrifugal and centripetal forces. 
Whatever gives a proportionate increase to the latter, will make the 
planet's path curve in more rapidly than it otherwise would ; and 
whatever gives a preponderance to the former, will render the path 
lees curved, and vice versa. These fiu^ts, combined with the law of 
gravitation, explain the phenomena of the tides. Suppose, first, that 
the earth revolves .round the sun, unaccompanied with any moon, 
and not revolving on its axis, its figure would assume a spheroidal 
fonn, owing to the slight cohesion of the particles of water, and the 
nearer side being attracted more, while the farther side was attracted 
leas strongly than the centre. Two elevations of water, therefore, 
^ e. two tides,) woxdd appear, the one highest at the point nearest 
tiie sun, and the other at the opposite point As the surrounding 
waters would move towards these two points, the remoter waters, 
being left without support, would, omder the influence of terrestrial 
gravity, flow towards the same points. Hence they would be de- 
pressed, and this depression would be greatest at the circle of quad- 
rature, or that of which the above-mentioned points are the poles. 

If now the earth b^an to revolve on its axis, the waters would 
still rise towards the same points, and flow away from the circle of 
quadrature, since the action of the centrifugal and centripetal forces 
remained unchanged. But owing to the vis inertice, (or resisting force,) 
and cohesion of the particles of water, the highest swell would fell 
considerably behind the line of the syzygies, (i. e. a line passing 
^in>agh the c^tres of the sun and the earth,) for it would take some 
^BBD^ iteArv the new jnotioo would be ocmmrankfitodi \o ^^ ^^iraauest. 
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T!ie result, therefore, would be a periodical rise and ML of the waters 
of the ocean, all round the earth, once in twenty-four hours, high 
wat«r occurring some time after noon and midnight, and low water 
in the intervals. 

If now we introduce the moon, it is evident that its action will 
greatly modify that of the sun. But as the attraction of the moon 
on the earth is much feebler than that of the sim, (its proximity by 
no mieans counterbalancing its minute size,) we do not at first per- 
ceive why the moon should have so mucn more influence on the 
tides than the sun. This is owing to the fiust, that the difference of 
the attraction which it exerts on me nearer and further sides of the 
earth, is greater than in the case of the sun ; for the earth's diameter 
is about one thirtieth of the moon's distance, while it is little more 
than one twelve-thousandth of the sun's. Now it is upon this differ- 
ence, and not upon the absolute attraction, that ihe size of the tide 
will depend ; for it is evident that if every part of the earth were 
equally attracted, no matter how strongly, there would be no tide. 
When the moon is one quarter old, it is on the earth's track, behind. 
Here it of course retards the onward motion of the water next to it, 
more than it does that of the earth's centre, while it acts still less 
feebly on the most remote part of the earth. Hence, as in the case 
of the sun, it wiU raise a tide at the nearest and furthest points, and 
depress the waters on the intermediate cirde. It is also manifest 
that in this positicm, the solar or sun's tide counteracts the lunar or 
moon's tide ; but, for the reason just mentioned, the latter is the 
larger ; and, therefore, there is a small tide under, and another oppo- 
site to the moon. When the moon is three quarters old, she is on 
the earth's track, before. Here the result is the same as in the 
former position, although the moon's action hastens, instead of dimin- 
ishing uie earth's velocity. At new and full moon, the attractions 
of the sun and moon co-operate, instead of counteracting each other. 
Hence, the highest tides, termed spring tides, occur at mese periods. 
The lowest tides, which happen when the moon is in quadrature, are 
termed neap tides. The influence of the causes already mentioned, 
however, retards the time of spring and neap tides ; and Uierefore 
they happen a little after the commencement of the respective <|^uar- 
ters of the moon. The principal modifications of the tides arising 
fcQfm other causes, will be shown in the fbUowmg section* 



§ XTTT. — ^Pecxtuarities of Tmss. 

The proximity of the sun and moon in the heavens, causes the 
extraordinary spring tides which happen before the vernal and after 
tiie antonmai equinox. But they do not happen e?^ yeeS) \a«^^QSft 
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variations are sometimes produced by the particular utuation of the 
moon. The least sprmg tides occur shortly after the solstices, as the 
sun and moon are then fsirthest asunder. The tides are affected hy 
the great inequality in the depth of the sea, the situation of the 
coasts, their declivity under the water, (sometimes rapid and some- 
times otherwise,) the different breadths of the channels and straits, 
and also by winds and currents. All these local, and sometimes 
accident£d drcumstances, alter the progress of the tides, and make 
them deviate from the r^ularity which they would otherwise main- 
tain in the open sea. Thus we see, in the islands of the South Sea, 
r^ular tides ci only one or two feet elevation ; while upon the 
western coasts of Europe, and upon the eastern coasts of Asia, the 
tides are extremely strong, and subject to many variations. 

Upon the coasts of France, which border on the British Channel, 
the tide, being confined in a basin, and at the same time repelled by 
the coasts of England, rises to an enormous height, which sometimes 
renders tiie navigation very perilous. At St Malo it rises to 50 feet 
Sometimes several tide-waves unite. Thus, at the mouth of the 
Elbe, tiie tide is sometimes the result of three forces : one flux comes 
from the Straits of Calais, another from the Orkney Islands, and a 
Ihird from the waters of the Elbe. The mean height of the tide at 
Hamburg is 6 feet 8 inches ; the spring tide is generally 7 feet 3 
inches ; but when the wind blows with violence from the north-west, 
the tide rises to the height of 18, and sometimes to upwards of 20 
feet Hamburg is 30 leagues from the mouth of the Elbe, and the 
tide traverses mis space m 5 hours and 23 minutes, but when it 
arrives at the mouth of the river, it takes from three quarters of an 
hour to one hour and a quarter, to force back or overcome the river 
current The same current makes the fiood-tide, at Hamburg, last 
only 4 hours and 18 minutes ; and the reflux, or ebb-tide, 8 hours 
and 6 minutes. 

In the torrid zone, the flood-tides run from east to west ; in the 
north temperate zone, they come from the south ; and in the south 
temperate zone, fr^m the north. Both the temperate zones ore affect- 
ed by the greater influence which the sun and moon have upon the 
waters of the torrid zone, which are more directly under their agency. 
To this general &ct, there are exceptions of a local nature. The 
frozen zone of the north has very few tides ; its distance from the 
equator, and the land which surrounds it, as well as the ice with 
which its seas are encumbered, all combine to destroy the effect of 
sidereal attraction. Littie is known of the tides in the south frozen 
zone. 

The instant of low water is nearly, but not exactly, in the middle 

of the interval between two high waters. The tide generally takes 

juiae or ten minutea longer in ebtang. than m ^onisi^. *1^<& Yo^iexs^ 
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between two bigh waten is least during spring tides, when it is 12 
hoars, 19 minutes. At neap tides the interval is greatest, viz., 12 
boms, 30 minutes. The time of high water is mostly regulated by 
the moon, and in the open sea, it is from two to three hour» after 
that planet passes the meridian, either above, or under the horizon. 
Od the shores of large continents, and where there are shallows and 
obstructions, great inegularities take place in this respect, and when 
these exceed six hours, high water apparently precedes the passage 
of the moon over the meridian. 

The highest of the spring tides is not that immediately after the 
new or mi moon, but it is, in general, the third, and in some cases 
the fourth. The lowest of the neap tides occur much about the 
same tame after the quarters. The total magnitude of the tide is 
estimated by the dif^rence between the height of high and low 
water. The higher the flood-tide rises, the lower the ebb-tide gen- 
erally sinks on the same day. At Brest, the medium spring tide is 
about 19 feet, and the mean neap tide about 9. On other parts of 
the coast of France and England, the waters being confined, rise to 
a great height, and at St l£do it is frequently from 45 to 60 feet ; 
and still hi^ier tides occur at Annapolis, m Nova Scotia, where they 
are sometimes 70 feet high. It is the obstruction which the land 
presents to the motions of the waters, that occasions tides of any 
consequence at alL Were the globe entirely covered with water, 
the tides would be very insignificant Thus, in the Pacific Ocean, 
the spring tide amounts only to 5 feet 

On the other hand, a free communication with the ocean » indis- 
pensaHe to produce a high tide, and in inland seas, the tides are 
veiy trifling, because the Imninaries act neariy equally over the whole 
BUifrice at the same time. 

The height of the tide increases as the sun or moon is nearer the 
earth, but in a higher ratia The rise of the tides is likewise greater 
when the sun and moon are both nearest the zenith of a place, and 
less, as they decline from it When the observer and the moon are 
on the same side dT the equator, the tide which happens when the 
moon is above the horizon, is greater than when she is below. The 
reverse occurs when the observer and the moon are on opposite sides 
of the equator. The cause of this is easily understood from what 
has been ssud above. If the tides be considered relatively to the 
whole globe and to the open sea, it appears that the meridian about 
30° eastward of that on which the moon is, has always high water, 
both in the hemisphere where the moon is, and in the opposite. On 
the west side of this circle, the tide is flowing ; on the east side, it 
is ebbing ; and on the meridian, which is at right angles to the same, 
it is everywhere low water. These meridian circles move westward, 
keepLagneaifyat the atone dktanoQ from the moon, oiA^ a^^xo^i^x^^ 
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nearer to her when new or fidl, and witbdrawmg at the quarten. 
In high latitudes, the tides are veiy inconsiderable ; and it is prob- 
able that at the Poles there are no diurnal tides ; but there is some 
ground for thinking that the water will rise higher at the Pole, to 
which the luminaries are at any time nearest, than at the opposite. 

The great wave which follows the moon, and constitutes the tide, 
is to be considered as an undulation of the waters of the ocean, in 
which there is very little progressive motion, except when it passes 
over shallows, or approaches the shore> 

High water occurs, as we said, not when the moon is on the me- 
ridian, but from two to three hours afterwards. When the sun is 
before or west of the moon, he hastens the rise of the tide ; bat 
when behind her, he retards it 

Ccmsiderable extent of sur&ce is necessaiy, in <^der that the sea 
should be sensibly affected by the action of the sun and moon ; for 
it is only by the inequality of such action on different parts of the 
mass of waters, that their level is disturbed. In narrow seas, and 
cm shores i^r from the main body of the waters, the tides are not 
caused by the direct acti<m of the luminaries ; they are waves propa- 
gated by the great diurnal undulation. Of this, the tides on the 
coast of Great Britain, and in the German Sea, are remarkable ex- 
amples. The high water transmitted from the tide in the Atlantic, 
reaches Ushant between three and four hours after the moon has 
passed the meridian, and its ridge stretches north-west, so as to ML a 
little south of the coast of Ireland. This wave, soon after, divides 
itself into three branches, one passing up the British Channel, an- 
other ranging along the west side of Ireland and Scotland, and the 
third entering the Irish Channel. The first of these moves at the 
rate of fifty miles an hour, so as to pass through the Straits of Dover, 
and to reach the Nore, or mouth of the Thames, about midnight, 
during spring tides. The second, being in a more open sea, moves 
more rapidly, reaching the north of !beland by six o'clock, P. M. 
About nine o'clock it has reached the Orkney Islands, and forms a 
wave or ridge stretdiing due north ; at midnight, the summit of the 
same wave extends from the coast of Buchan, eastward, to the Naze 
of Norway; and, in twelve hours more, it passes southw2p*d through 
the North Sea, and reaches the Nore, where it meets the morning lade 
that left the mouth of the Channel only eight hours before. Thus 
these two tides travel round Great Britain in twenty-eight hours, in 
which dme, the primitive tide has gone quite round the globe, and 
nearly forty degrees more. 

Various curious anomalies are observed in the tides of particular 
places, such as their ceasing altogether for a day or two, at a certain 
age of the moon ; while, at other times, they become considerable, 
iboojg^h perbapa ooeanmg oclj once a day. lJbiataaji|lSbia9(»oii«QiCDA 



eoflsiB there is never ixmh« than one tide in tlieooume oi a lunar daj, 
which is probably owing to some oversight ; but it may be shown 
from theory, that if the observer's distance from the Pole be equal to 
the moon's declination, he will see but one tide in the day. Small 
tides occur six times a day, on the shore of the island of N^ro- 
pont 

The agency of the tides is veiy extensive in many of the opera- 
tions of nature, and particularly in those which regard Geology. 
The late Professor Robison, of Edinburgh, suggest^ how experi- 
ments might be made to determine the mean density of the globe, 
from the temporary change which is undoubtedly caused on the 
direction of gravity, by the great body of water brought to Annapo- 
lis, and then withdrawn by Sie stream tides. 

The Mediterranean Sea has only very small tides, and these seem 
to be formed chi^y in the part extending to the east of the island 
of Malta, and to proceed northward into tiie Gulf of Venice. The 
cause of this is the smallness of its sur&oe compared with the diam- 
eter of the globe ; hence, the moon's action is nearly the same on 
every part of its surface^ The ocean communicates me effect of its 
tides to such gul& and inland seas as have their entrances turned 
towards those points whence the tides come. The Baltic and Medi« 
toranean are not in this situation ; hence they are unaffected by the 
diomal tide-wave. But Hudson's Bay, and Baffin's Bay, are so ; 
and there, consequently, the tides are sensibly felt The Arabian 
6ul^ also, is a striking example of the same kind. 



§ XIY. — ^MaBINB OUIUIBNTS. 

We now proceed to the consideration of those motions of the 
ocean which bom their resemblance to ordinary streams are denomi- 
nated Currents. It is remarked that between the tropics, and as 
fiff as 30 degrees on each side of the equator, there is a continued 
motion in the waters of the ocean, from east to west, in a direction 
similar to that of the trade-winds, but contrary to that of the rota- 
tion of the globe. Navigators, in order to go from Europe to 
America, are obliged to descend to the latitude of the Canary 
Islands, in order to catch the current which carries them rapidly to 
the west They observe a similar course in going from America to 
Asia by the Pacific Ocean. We might imagine that they do this 
on account of the tarade-winds ; but they assure us that the effects 
of the wind are very easily distinguished from those of the marme 
current The feet is likewise proved by the direction in which 
bodies float on the sur&ce of the waters. 

A w&t(md current flows from each Pole towards the equator. 

2* 
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These lutve also their corresponding motion in the atmosphere.): 
They are termed Northern and Southern Polar Currents. The moat t 
dedsive evidence of these motions is deduced from the direction of ; 
Uie floating pieces of ice, which invariably proceed from the Poki i 
towards the equator. 



§ XV. — ^The Polab Gubbxnts. 

These two currents appear to depend upon the sun, and the 
rotation of the globe on its axis. They are explained in the follow- 
ing manner, ^ery day the solar rays dissolve an enormous quan- 
tity of ice. Thus we polar seas have always a superabundance of 
water, which they endeavor to discharge. As the water under the 
equator has a less specific gravity, and as, moreover, the evapora- 
tion, which is very powerful jmder the torrid zone, absorbs a great 
part of it, it is necessary that the neighboring waters should floil^ 
towards the equator in order to re-establish me equilibrium. This 
motion is propagated from one region to another; and thus the 
circumpolar waters are slowly impefied towards the equator. They 
find their way back in the form of huge clouds and masses of vapor, 
which are carried towards the Poles by the returning currents in 
the atmosphere. 

§ XVL — ^Thk Equatorial Curbbnt. 

The motion firom east to west, which may be called the Tropical 
or Equatorial Current, appears to result from the same ultimate 
causes as the polar currents. For as these latter move towards the 
equator, they pass to points having a more rapid easterly motion 
than their previous positions : and as (owing to the vis mertice) they 
do not at once acquire the rapid motion of the point to which they 
have come, their easterly motion is slower than that of the solid 
bodies around them; and hence they have an apparent westerly 
motion, just as a person walking westward on the deck of a ship 
which sails eastward at a more rapid rate, is really moving eastward, 
although he is apparently walking westward. This apparent motion 
of the currents becomes more rapid the more they move towards 
the equator, because the eastward motion of the earth's surface 
increases at a more rapid rate ; so that by the time they reach the 
parallel of 30° they have a decidedly westward motion. Hence it 
will appear that the two great ocean currents depend upon the 
same causes as the corresponding atmoq>heric currents, though the 
hiter probaUf amkt the S»rmer. 
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plMR 13ie northem polar cunrontB eihibit very remarkable eflfeote, 
' ^t Hhey bring upon tne coasts of Iceland sucb an enormous quantity 
on (c of ioe, that all tJie northem gul6 of that country are filled with it, 
Poiil though they are often 500 feet in depth. The ice is sometimes 
raised up so as to ^^rm mountains. Some years no ice, but immense 
collections of floating wood, particularly pines and firs, are cast on 
shore. It is in the semicircular hollow of the northem coast of Ice- 
land, that the wood and ice are accumulated. It is evident that it 
is one and the same cause which brings them thither; and as it ia 
impossible that great trees can be produced imder the Pole itself, 
the wood can only come fix>m Siberia or North America. The phe- 
nomenon of these floating forests, which are only found in the 
circumpolar seas of the north, have very much engaged the attention 
of Grec^raphers, and it is not yet perfectly explained. It is beUeved 
that ihe wood is drifted partly from the Gulf of Mexico, by the 
enrrent of Bahama, because specimens of timber have occasionally 
been seen, whidi grows only in Mexico and BraziL These kinds, 
however, are in small quantities. Siberia, and the unknown northem 
coast of America^ contribute probably much greater proportions. 



§XVL — ^Double and Oppositb Cureknts, 

It is very possible that there may be in the same place a double 
local current, the one abore, near the surface of the water, the other 
at the bottom. Some alleged &ct» seem to prove this hjrpothesis, 
which was first proposed by the celebrated Halley. In the sea 
round the Antilles, it is said there are some places where a vessel 
may mo<»r itself in the midst of a current, by dropping to a certain 
known depth, a caUe to which is attached a soimding lead. K thia 
were so there must unquestionably be a current below, contrary to 
that which is at the snmce of the water. The stationary situation 
of the vessel would arise from the equality of the two forces, the 
(Hie acting oa. the ship, the other on the lead. Similar circum- 
stances are said to have been observed in the Sound ; and some 
suppose that the Mediterranean discharges its waters by an inferior 
or concealed current. 

A difference of density in the beds of water, a great rapidity of 
modon, and {he coherence of fluid particles, are plausible reasons in 
fieivor of this hypothesis of Double Currents. But they find little 
&vor among plulosophers at the present day ; and the fects alleged 
in fiskvor of their exi^nce are all unsatisfactory. 

It is more easy to prove than to explain the existence of opposite 
cmrents^ which pass alon^ by the side of each other. lu. tl\A Ka^ 
kga^ a aorthem current proceeds ftom the Baltic sXoiigiSci!^ <!^^«&\&^1 
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Sweden; and another, a southern current, enters into the Baltic 
along the coasts of Jutland. In the North Sea, there is a northern 
current which comes from the Pas de Calais, or that part which 
divides the English Channel from the North Sea, and a southern 
current which goes from the Orkneys along the British coast The 
great rivers often occasion currents at their mouths, contrary to those 
of the sea. 



§ XVnL — ^Eddies, or Whirlpools. 

When two currents of a more or less contrary direction, and of 
equal forces, meet in a narrow passage, they both turn, as it were, 
upon a centre, which is sometimes spiral, until they unite, or one df 
the two escapes. This is what is termed a whirlpool or eddy. The 
most celebrated are, the Euripus, near the Island of Euboea, the 
Maelstrom, on the northern coast of Norway, Corryvreckan, on the 
western coast of Scotland, and Hurlgate, near New York. These 
eddies sometimes augment their force by means of two contrary 
high tides, or by the action of the winds. They draw vessels along, 
and dash them against the rocks, or engulph them in the eddies, the 
wrecks not appearing until some time afterwards. Upon this simple 
ground, very marveUous fribles have been invented, and mention has 
been made of gul& at the bottom of the ocean, and subterraneous 
rivers, and other things, the existence of which is quite imaginary. 



§ XIX. — ^Depth, RApmnr, and Direction of Currents. 

The depth of currents is a physical problem very difficult to solve. 
The perpetual currents, however, from their regularity and their pow- 
erful action, even in the greatest calms, sufficiently indicate that 
they have a considerable depth. Their rapidity is not better known. 
That of the equator is reckoned 10 miles per day. It is independ- 
ent of winds and waves. But which of these two forces is to be 
distinguished as that which, acting on the surface, is more sensibly 
felt by navigators, none can telL 

Currents are either general, arising from the diurnal rotation of 
the earth about its axis, or particular, arising through accidental anc 
jwrticular causes, such as the watars being driven down againsl 
promontories, or into gulfs and straits, where, wanting room to 
spread, they are driven back, and thus disturb the ordinary course, 
or flux of the sea. Some currents are variable, directed towards 
different parts of the ocean, and some are constant, while others are 
pethdicai 
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As the knowledge of the directioii and velodty of onnenti it a 
TeiY material point in navigation, it is highly neoesBary to difloOTV 
boui, in order to ascertain a ship's situation and course with aocnraqr* 
The most successful general method adopted among marinen, is Ulo 
following : — a common iron pot, of four or five gallons' capfl^dt^h 
suspended by a small rope so as to hang directly upright llie 
rope, which may be from 70 to 100 fathoms long, is coibd into a 
boat, which is hoisted out of the ship when there is no wind to 
ruffle tJie sur&ce of the sea. The pot being then thrown overboard 
into the water, and immediately simdng, the line is slackened till 70 
or 80 &thoms are run out, after which it is fastened to the boat^s 
stem, by which it is restrained and rides at anchor. The velocity of 
ibe current is then easily tried by the log and half-minute glass, the 
usual instruments for discovering the rate of a ship's sailing at sea. 
The course of the stream is next obtained by the compass provided 
for this operation. Having thus found the setting and drift of the 
current, it next remains to apply this experiment to nautical pui^ 
poses. 

There are a great many shifting currents, which do not last^ but 
return at certain periods. Most oif these depend upon, and follow 
the anniversary winds, or monsoons, which, by blowing in one plaoei 
may cause a current in another. Varenius informs us, that m the 
Straits of Sunda, when the monsoons blow from the west, in the 
month of May, the currents set to the east— <x>ntrary to the general 
motion. Between Cochin China and Malacca, when the western 
monsoons Uow, from April to August, the ^csurrents set eastward, 
against the general motion ; but the rest of de year they set west- 
ward, the monsoon correspondiog with the general motion. Thej 
run so ^<nigly in these seas, that inexperienced sailors mistake them 
for breakers. In the Straits of Gitodtar, the currents carry ships 
almoflt always to the eastward, driving them hard into the Mediter* 
lanean. This is the case also in the British ChanneL 



§ XX. — OUBBSNTS 07 THE PAOmC« 

The Pacific Ocean, by its general motion, retreats from the coasts 
of America, and flows from east to west ; and the motion is very 
powerful in the vast and uninterrupted extent of that sea. Near 
Cape Corrientes, in Peru, the sea appears to flow from the land. By 
this single cause ships are carried with rapidity from the port of Acar 
pulco, in Mexico, to the Philippine Isles. But in order to return, they 
are oUiged to go to the ncMrui of the tropics, to seek the polar curent 
and the variable winds. On the other side, the south 'i^W CQXSfiiD&i 
ioiiti^g^ M0 iMod i(> ixapede i^eaaies along wittiik ']^(iatW^.«^|^^ft 
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latitudes where the motion of the tropical current begins to be ^t 
This is the reason why, in the southern hemisphere, floating pieces 
of ice are met with at 50, and even 40 degrees, S. latitude. 

The Pacific Ocean, in its motion toward^ the west, is impeded by 
an immense archipelago of flats, islands, submarine mountains, and 
even lands of considerable extent ; it penetsrates into this labyrinth, 
and there forms various successive currents. The direction which the 
principal of these currents observe, is conformable to the general 
motion towards the west But the inequalities of the basin of the 
sea, the coasts, mountains, &c^ turn some towards the north or south. 
We may easily imagine that a strong percussion of the waters of the 
ocean, in consequence of their meeting with a large mass of land, 
such as New South Wales, may even produce a counter current^ 
which will return towards the east, and which, by breaking, will also 
jnoduce other currents, differentiy directed. Here, then, is the origin 
cl those dangerous currents which Coc^ and La Perouse mention in 
flieir voyages. 



§ XXI. — CuBBE2!rTS OF THE InDIAN OCEAN. 

In the Indian Ocean we shall And the celebrated Perpetual Cnr- 
rent| which runs northward from New Holland and Sumatra, as for 
fiB the bottom of the Bay of BengaL This current arises from the 
pressure of the polar currents upon the large caning which the 
Indian Ocean presents to the south. This ocean is bounded to the 
north ^by the immense Asiatic Continent; the equatorial current 
which is formed there, is, therefore, feeble, or altogether ceases, as 
tihere is no mass of cold water passing from the north. On the oiher 
udd, the Padflc Ocean cannot carry its impetus thither, as it is broken 
and dispersed in the labyrinth of islands. Thus, the influence of the 
Bouthem polar streams predominates^ without an obstacle, in the In- 
dian Ocean ; and these produce the perpetual current, which sets 
towards the Bay of Bengal, upon a line more and more inclined 
towards the north-west, or following the conformation of the coasts. 

The action of the general motion of the sea, at first weak, in the 
Indian Ocean, augments by degrees, till it gains the ascendency. It 
18 easy to ima^e, that a general impulse, which acts on a vast fluid, 
and which influences all its particles, ought to increase according m 
that fluid extends in the dii^ion <^ the moving power. One part 
of the sea, then, reacts upon the other, and the sum of these repeated 
effects, in time, becomes immense. These principles show why, 
towards the Island of Java, the natural motion of the sea is changed 
by the northern current, of which we have spoken ; and why th» 
MMioe motion to Hl^ wast^ is fi)iuid in the nfi^^WViixA c& CojWn. 
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and the Maldiye Islands. But a new local drcomstance affain makes 
this motion decline from its natural direction. A chain of islands and 
shallows extends from Cape Comorin, in the peninsula of India, to 
the north point of Madagascar. The principal current being in- 
terrupted by these obstacles, turns towards the south-west, and in 
maintaining that direction, gHdes along that chain of mountains, some 
df them submarine, others on the shore. Having passed Madagascar, 
it turns towards Africa, dashes against that continent, and sweeps, 
with great violence, the shores of NataL At the point where tne 
African coast, turning to the west, ceases to present an obstacle to the 
prepress of the water, the current loses all its impetuosity, and min- 
gles with the general motion of the Ethiopean Ocean. 

The principal current, or great mass of waters, towards the Maldive 
Islands, turns to the south-west ; but the more superficial currenta, 
and most variable ones, continue their course from east to west ; that 
is, towards the Gulf of Arabia and the coasts of Zanguebar. These 
are the cimrents, which, setting towards the south-west, render the 
Mozambique Channel so difficult to navigate, and whidi has given 
the name of Cape Conientes to the cape, upon the coast of Inham- 
bane. They re-unite, at the bottom of this cape, with the perpetual 
current. We will remark h^e, that in general, the currents which 
do not extend to a great depth under Uie level of the waters, are 
liable to change with the winds, particularly when they blow finr 
a long time together in one direction, with an equal and constant 
fbice, as the monsoons do. These are the winds which give, by turns, 
1 opposite directions to the currents which prevail from the Maldive 
Islands to Arabia and Zanguebar. The shallows and rocks with 
i which these parts are strewed eqiudly contribute to produce the same 
• eSSdcL The nordiem current which runs along the Island of Sumatra 
j impels one of its branches through the Straits of Sunda. This cnr- 
'^ rent, according to some authors, is the same which La P6rouse found 
to be of such strength, in the Sea of Japan and in the Channels of 
I Tartary ; but tiiese currenta appear to vary with the monsoons, and 
to have no connection with each other. All the southern and north- 
em cuiients that we observe along the eastern coasts of the conti- 
nents, are only necessary continuations of the general motion of the 
ocean towards the west ; the waters impelled by this motion towards 
the eastern coasts of two continents, ana finding no outlet, must, with 
much force, flow along the coasts, in a southern or northern direction, 
as local circumstances determine them. In Bhering's Straits the 
polar current, which brings the ice from the Polar Seas to the envi- 
rons of Eamschatka, is distinctly felt. 
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§ XXn. — ClTRRKNTS OF THE ATLANTIC. 

Tlio form of this basin, (whose length is much greats than its 
'breadth,) in a great measure, determines its currents. Ilie first cur- 
rent which we notice is that which carries forward the waters fix)m 
the Ethiopian Ocean along the coasts of Brazil, and through the 
Straits of Magellan, into the Pacific Ocean. This course is conform- 
able to the general progress of the ocean. 

The most celebrated perpetual current of the Atlantic Ocean, is 
that which commences on this side of Cape St Augustin, in Brazil, 
and extends towards the eastern coasts of America. It is extremely 
rapid, and is felt in all the extent of sea over which the Antilles are 
scattered. This current is only the result of the general motion of 
the Atlantic towards the west, and is only a part of the great tr6pi- 
cal current. It prevails between the 30° of northern and 10° of 
southern latitude. 

Upon the western coasts of A&ica, there exists a current directly 
contrary to the preceding, which is neither less rapid, nor less steady. 
Ships, if they approach too near these coasts, are drawn into the 
GuLf of Guinea, and with difficulty extricate themselves. No ade- 
quate cause can be assigned for this siilgular current Some authors 
imagine that there are two currents in the Atlantic Ocean, one at the 
Bur&ce, and the other at the bottom^ and that it is this latter which 
brings the waters towards Africa : but such an explanation is inad- 
missible, from the well-known fact of the general motion of the seas, 
which is not superficial, but which pervades the whole mass. It is 
more probable, that the current in question comes from the Straits of 
Gibraltar, along the coast of Africa only, where the waters have not 
acquired all the velocity of the general motion ; but we can affirm 
nothing with certainty on the subject 

A third very celebrated current, is that by which the waters of the 
Atlantic are carried violently into the Gulf of Mexico, and discharging 
themselves through the Channel of Bahama, run with great velocity 
towards the north, or rather north-east This current is well known 
under the name of the Gulf Stream. It follows the coasts of the 
United States, becoming wider, and at the same time slower. A 
aone of 140 leagues, separates it from the equatorial current The 
equatorial current impels the waters of the Atlantic Ocean towards 
the Mosquito shore, and coast of Hcmduras, in the Caribbean Sea. 
The new continent opposes this current; the waters flow to the 
north-west, and passing into the Gulf of Mexico, by the strait which 
is formed by Cape Yucatan or Catoche, and Cape St Antonio, in 
Cuba, they follow the windings of the American coast to the Shal- 
)WB^ west of the southern extremity of Florida. Then the conrent 
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tarns again to the north, fkywing into the Bahama OhanneL In the 
month of May, 1804, Yon Humboldt observed in it a rapidity of 
five feet in a second, though the north wind blew violently. Round 
the coast of Cape Canaveral, the current flows to the north, and 
its rigidity is sometimes five nautical miles an hour. This cur- 
KSkt is known by the elevated temperature of its waters, their great 
sahness, thdr indigo-blue color, the train of sea-weed which covers 
iheb snrfEioe, and by the heat of the surrounding atmosphere, which ■ 
is very perceptiUe m winter. Its rapidity dimmishes towards the 
north, and at the same time its breadth increases. Near the Bahama 
bank, the breadth is 15 leagues; in lat 28° 30' N. it is 1*7 leagues, 
and under the parallel of Charleston, from 40 to 60 leagues. To the 
east of the port of Boston, and under the meridian of HalifaT, it is 
80 marine leagues in breadth. There it suddenly turns to the east, 
and touches the southern extremity of the great Bank of Newfound- 
land. 

The waters of thk bank have a temperature of from 48° to 50° 
Fahrenheit. The waters of the bank are 16° 9' colder than those of 
the ocean, and these are 5° 4' colder than those of the current. 
From the Bank of Newfoundland to the Azores, the Gulf Stream 
flows to the east or east-south-east The waters preserve, even there, 
a part of the impulse received in the Strait of Florida. Under the 
meridian of the islands of Coroo, and Flores, the current has a 
l«eadth of 160 leagues. In lat 33° the equatorial current approaches 
very near the Gulf Stream. From the Azores, the current flows 
towards Gibraltar, the island of Madeira, and the Canaries. South 
of that island, it flows to the south-east and south-eouth-east, towards 
the coast of Africa. In lat 25° and 26° it flows first south, then 
south-west ; Cape Blanc appears to influence this direction, and in 
its latitude the waters mingle with the great current of the tropics. 
Blagden, Benjamin FranUin, and Jonathan Williams, first made 
known the elevated temperature of the Gulf Stream, and the cold- 
ness of the Shallows, where the lower strata imites with the upper, 
upon the borders or edges of the Bank of Newfoundland. 

The Gulf Stream dianges its direction and place, according to the 
season. Its force, and its direction, are modified in high latitudes, by 
the variaHe winds of the temperate zones, and the collection of ice 
proceeding from the Arctic regions. A drop of water of the current, 
would take two years and ten months to return to the place whence 
it departs. A boat, not acted on by the wind, would go from the 
Canaries to the coast of Caraccas, in thirteen months ; in ten months, 
it would make the tour of the Gulf of Mexico ; and in forty or fifty 
days, would go from Florida to the Bank of Newfoundland. 

The Gxilf Stream furnished to Christopher Columbus, indications 
of Ihe exuiimae of hod to the west, TJm C(n:t&D^>\a&k ^sssxi^ 



ite AJsonet ilie bodMs of two men of aa unkBown ittoe, amLpeeti of 
bamboo <^ enomioiis size. In lat 45° <a 50°, near Bonnet ilamandy 
an arm of tbe Gulf Staream flows from tbe south-west to the north- 
^ast, towards the coast of Eurc^. It deposits upon the coasts of 
Ireland and Norway, trees and fruits bdoi^ing to the torrid zone. 
Remains of a vessel burnt at Jamaica, were found cm the coast of 
Scotland. 

The causes of these currwts are yexj numamiB. The waters mxy 
be put in motioQ hy an external impulse — by a difference of heat 
and saltnesB — hf the inequality of evaporation in different latitudes, 
and by the change in the pressure, at different points of the sui&oe 
of the ocean. 

Sudi masses of water flowii^ constantly from the tonid zone 
towards the North Pole, and at any given latitude, heated many de- 
grees above the tenq>arature oi the adjoining ocean, must exert 
great influence on the atmosphere. An interestmg table, in Darby's 
View ci the United States^ (Philadelphia, 1828, page 864,) shows 
this influence in a striking manner. At the same time, the polar 
4n]rrents flowing towards ihe equator, exert a benefidal in^ienoe in 
cooling the warm rsgioiiB of the earth. 



g "^TCm, — COMPOBinOK AKD PrOPXBTIBS OF PuBX WaTKB. 

Water, in its pure state, is a transparent fluid, without color or 
smi^ It presents itself under three forms : as a soKd, when it is 
ice, as a liquid, called water, and as a vapor, in which fyrm it is 
turned steun, or atmospheric gas. Water, in a state of purity, 
contains by weight, 88.90 parts oi oxygen combined with 11.16 parts 
of hydio^sn gas ; by volume, it is 2 measures of hydrogen to 1 of 
oxygen. But we seldom find water perfectly pure, as it generally 
hol^ in solution siliceous, calcareous, and m^allic partic^ acids, 
and sulphur. It is 815 times heavier than air, weighing 1000 
ounces per cul»o foot. 

Its agenqr is concerned in all the great operations of nature ; and 
it is indi^nsable to the support of vegetable and animal hfe. Lake 
most other substances, wateo" expands hy heat, and ccmtracts by cold ; 
but there is a striking exception to this when its temperature is be- 
tween its free&ng point (32*^) and 40^, which is its point of greatest 
density : fixr as it cools from 40^ to the fr^zing point, it expands, and 
becomes lighter, so that ice always forms on &e sur&oe, whereas if 
it regularly contracted down to me point of congelation, as all other 
subs^ces do, ice would always him at the bottom ; and all the 
temperate andfi^d regions of the world would become quite barren 
4Bc/ nninhMtsbh, owiiis to the petmnasii oraiik <£ io6 ihal^mnld 



fcnm TmwM^titi^ below the iorfiMe of the landi andwalera. Water 
IB extremely plastic, and a good conductor of sound ; but it is a veij 
bad oondncfeor of heat, and of electricity of low tension. 

Akhough the temperature of 82^ is called the freezing point of 
water, it is only in &vorable circumstances that it freezes at so high 
a temperature. If kept quite still in a perfectly round and smooth 
vesael, it may be cooled much lower without freezing. But ice 
always b^ios to melt at 82^. Under the ordinary pressiue of the 
atmoophere, at the sea level, water boils at 212^ ; but as the at» 
moH^eric iMPessure is diminished, the boiling point becomes lower, 
so that under the exhausted receiver of an air-pump, it can be made 
to boil while it is freezing. Below the sea level, as in some mines, 
the boiling point exceeds 212^. 

Congelation oonmiences in the £>rm of prismatic crystals, crossing 
eadi othw at angles oi 60^, or 120^, and the temperature, however 
low before, instantly rises to 32^. During this process the water 
expands with prodigious force, the volume suddenly increasing about 
a ninth part. Glass bottles filled with water and properly Bt(^)ped, 
are burst during congelation, and the same has happened to a stnmg 
bomb-«helL W ater passes into vapor at all temperatures, and under 
any pressure. When the elastidty of the vapor equals, or exceeds 
the incumbent pressure, the process proceeds with violence, and is 
eaUed boiling. 

The relations of water to heat are very remarkable. With the 
exo^>tk>n <^ hydrogen eas, it absorbs more heat in warming, and 
parts with more in co(Ming, than other bodies do. Hence, large 
bodies c^ water have a powerful influence in checking or retarding 
sadden alteraticms ci temperature in the surrounding air. Ice, in 
melting, absorbs as much heat as would raise its temperature 140% 
and gives out the like quantity again in the act of freezing, a prop* 
erfy which enables it to resist or retard sudden alterations of 
temperature in cold climates, in a very remarkable degree. In as- 
Boming the gaseous form, it absorbs heat sufficient to raise its tem- 
perature 1000"^, and parts with as much during the adi of re-con* 
densing into watar ; hence, it possesses an almost boundless influence 
in tempering climate. These properties enable us to understand why 
countries remote from the sea, like Central Asia, have climates re- 
markable at once for the heat of summer and the cold of winter, 
while the isles of the ocean are noted for an equable climate. 



§ XXIV.— Spbings. 

Springs are so many little reservoirs, which receive their waters 
from ihe oeaghhoring groimd through small lateral eaii2i!^^ ^adL^\cL<3cv 
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dkeluDge their excess, either hj overflawing, or in some other man- 
ner. 

Tlie vapors raised by evaporation descend in the Ibrm of dews, 
rain^snow, or hail, and form a permanent supply for these reservoirs. 
These apparently humble sources produce the extensive l^es which 
»e founiMnong momitai™, and &e terrific glade« which cover the 
Alps. 

The <H>inion ci the ancients, and of Descartes, who attributed the 
origin of springs to the filtration of sea water, is now universally 
rejected by men of sdence, who have traced them all to the waters 
wmch &11 from the atmosphere. 

It was formerly thought that rain-water did not penetrate to any 
great depth in the eadh, but was entirely absorbed by the iaik 
strata of the soil, and that it fell in too small qxiantities to supply 
either torrents or rivers. But it has been found to flow rapidly 
through the interstices and cracks of the upper strata, and does nc^t 
stop until it arrives at the clayey part of the soils, which is the 
termination of its filtering, and forms its natural reservoirs. Obser- 
vation has also proved tiiat rain-water filters down to very great 
depths. In the coal mines of Auvergne it has been seen to pene- 
tn£te as fiu* as 250 feet below the surfoce ; and in Misnia, a d»trict 
ci Saxony, it has been known to distil in drops from the roof of a 
mine 1,600 feet deep. The snows in some countries produce a 
greater quantity of running water than rain or dews. But in order 
to understand how much the slow, and gentle, but uninterrupted 
infioence of these latter agents contribute to the formation of 
springs, we have only to consider Apulia and other peninsulas 
almost destitute of running water, because their mountams do not 
constitute a mass sufficient either from their elevation, or bulk, to 
attract or retain the aqueous vapors of the atmosphere. 

On the principle that it is from the sea the atmosphere obtains 
most of its water, it is easy to explmn why the interior of many 

r)Bi continents, like Africa and Asia, contains such barren deserts. 
North and South America are more abundantly watered, they 
owe it to the extent and elevation of their mountains, as well as 
the continuib^ of their decHvities. The water which circulatea on 
the surfisuse of the globe has generally ^o other principle of motion 
than its own specific gravity and the declivity of the earth. It is 
this declivity that carries it from mountain to mountain, from valley 
to valley, until it Ms into the basin of the ocean. 

The spouting springs, which sometimes form natural jets of water, 
follow the same rules of equilibrium as the others, except that the 
canals which furnish them with water come from great elevations 
and with a rapid descent Waters thus carried into a subterraneous 



^ 
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resoToir, bemg closely confined, burst forth in consequence of the 
pressure, just Ske the £>untains which adorn our gardens. 



§ XXV. — ^Periodical, ob iNTEBMnriKa Sprikos. 

The intermitting fountains, particularly such as rise and &11 at 
r^ular periods, so excited the wonder of observers that they gave 
them the name of lifiraculous Fountains. The periodical fountain 
of Oomo, m Italy, has been described by Pliny. It rises and faUs 
every hour. There is another in the town of Colmars, in Provence, 
which rises and fidls every hour. There is another at Fronzanches, 
in Languedoe, which rises every day fifty minutes later than the 
preceding day. The round foimtain on the road fit)m Pontarlier to 
TotdUon, in Franch6 Compte, rises with a boiling appearance. The 
Butterhom, in Westphalia, rises with a great noise. Near Brest 
there is a well, Y5 miles from the sea, which sinks with the flow, and 
rises with the ebbings of the sea. England furnishes many examples 
of these springs, particularly one near Tor Bay, in Devonshire, and 
one at Buxton, in Derbyshire. According to Gruner, there is one at 
Engerllez, in the Canton of Berne, which has a double intermission, 
dauy, and annually. 

These springs are accounted for by supposing, that in lands where 
they are situated, there are reservoirs, with conducting pipes in the 
form of syphons. The water begins to flow through we syphon as 
soon as the surface in which one end of the tube is placed, is on a 
level with the bend or highest part ; and the flowing continues as 
long as the fluid keeps above the orifice of the branch inserted into 
it. The moment the orifice ceases to be immersed in the liquid, the 
flowing ceases ; and it does not begin again till the reservoir is filled 
to the level of the bend. With respect to the reservoirs which 
supply these fountains, drought, rain, and the melting of snow, may 
so a^ct them as to render their periodical return more or less r^ular. 

The connection subsisting between the greater or less humidity of 
the atmosphere and the reservoirs of intermitting fountains, justifies, 
to a certain degree, the conjectures which are sometimes formed from 
the movements of these springs, as to the nature of the approaching 
seasons, conjectures which nave given to some of them the names of 
Fountain of Dearth and Fountam of Plenty. 



§ XXVI. — SUBTKRRANKOUS AND MarIKB SpRINGS. 

Many channels of water, not finding any other suitafc^fe o\i\XfcV^^"^ 
mto BubterraneouB cavitieBf aie absorbed by the eax^ ot ^\sii^!E^as^ 
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tliemselves below the ground, into the sea. This is the origin of 
those springs of fresh water that are to be seen spouting up, even in 
the midst of the waves of the ocean. These sometimes furnish the 
mariner with fresh water. In other places, they do not come to the 
surfece, but aSord their fresh water only to divers. Many of those 
springs do not differ essentially from common springs. That a 
reservoir of water should find an outlet below the level of the sea, is 
not in reality more surprising than that it should find an outlet 
above that level. Hence, the surprise excited by seeing firesh water 
bubl^ing up firom the bottom of the sea, amidst the briny waves, 
is to be attributed to its novelty, and the thoughtlessness of the be- 
holders. Submarine springs are, in all probal»lity, exceedingly 
numerous ; but it is only in certain circumstances that they are likely 
to be discovered ; and hence the number of those that are known, 
probably bears only a small proportion to the whole. To the class 
of subterraneous springs may be referred those which rise in caverns : 
these delist us by their picturesqueness, and the many poetical 
associations to which they give rise. 



§ XXVn. — ^HoT Springs. 

Hot springs are those whose waters are warmer than the mean 
temperature oi the place. Such as are merely tepid, are ccxnmon in 
most countries, espedally near or within mines. Those having a 
considerably higher temperature, are less frequently met with, and 
mostlv in volcanic districts. Some of these reach tiie boilii^ point, 
spoutmg f(^h with great violence, actually b(»ling, which indicates 
toeir having had a still higher temperature before they found vent» 
The most remarkable are the hot springs of Iceland. 

Although the hot springs of this country are m(»re abundant than 
in any other r^on, the interest which their number and variety ex- 
cites, is lost in the feelings which arise on beholding the magnificent 
and tremendous explosions of the great (xeyser and its counterparts. 
Besides the large foimtains, there is a great number of boiling springs, 
cavities full of hot water, and several from which steam issues. 
There are also some places full of boiling mud, of gray and red 
colors. The siliceous depositions of the waters of the great G^jrser 
have formed for it a basin 56 feet in diameter, in one direction, and 
46 in another, (a projection from one side causing it to deviate frcwn 
a perfect circle,) with a depth of Y5 feet In the centre of this basin, 
is a cylindrical pit, or shaft, 10 feet in diameter. Through this the 
hot water rises, gradually filling it and also the basin, and runs over 
lo small qiumtiaea. At inter^ of aome \m>vxq^ tvYksa I2bb Vsaauxia 
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My explosions are heird from below, like the report of distant caik- 
Don, and at the same moment a tremendous motion of the ground 
is felt all around the basin. Lnmcdiately the water rises in a m ftw 
from the pit, and, sinking again, causes the water in the basin to be 
agitated and to overflow. Another, and a stronger propulsion fol- 
lows, and clouds of vapor ascend. At length strong explosions take 
place, and large quantities of steam escaping, the water is thrown to 
a height of from 30 to 90 feet, and even to 200 or 300 feet The 
steam, coming into contact with the cold atmosphere of that climate, 
is condensed into thick douds, which are tossed and rolled about^ 
forming a magnificent exhiUtion. The explosions cease after some 
time, and then the basin and pit are found empty. Bursts of ^team 
sometimes take place, when the water is rising, without any warning 
by subterraneous ndse. These phenomena seem to be occasioned by 
steam, finding its way from below into cavities, where part of it is 
condensed into water, which is forced out by the action of the steam 
under high pressure. The temperature of the Great Geyser is some- 
times as high as 260^ 

The new Geyser is smaller than the other, and called Little Chy9&r. 
There are many hot springs in Iceland, but that of the Tunghaer is 
the most curious of aU. Among a great number of boiling springs 
are two cavities within a yard of each other, from which uie water 
spouts alternately. While from one the water is thrown about 10 
feet high, in a narrow jet, the other cavity is full of water boiling 
violenthr. This jet contmues four or five minutes, and then subsideSi 
when the water of the other immediately rises in a thicker colmnn, 
to the height of three or four feet This lasts about 3 minutes, 
when it sinks, and the other rises; and so on. Some springs emit in- 
flammable matter, which bums like ardent spirits, on tne application 
of a light This generally arises from naphtha, or petroleum, floating 
on the surface. 

It has been observed, that the greatest number of hot and warm 
springs occur in volcanic countries, where volcanoes were formerly, 
or are still in a state of activitv. Of those that do not occur in vol- 
canic districts, some are associated with trap and granite rooks, to 
which geologists assign an igneous origin. Hence, it is inferred, that 
such springs owe their temperature to the same causes which give 
rise to volcanic and igneous rocks. That the heat of such springs is 
often connected with volcanic action, cannot admit of doubt; for, 
from the Geyser of Iceland, the transition is almost uninterrupted to 
the hot springs, in the dormant volcano, in the Island of Ischia. 
The hot and warm springs of Bath and Bristol, however, occur in a 
limestone country, where no igneous rocks are visible ; but these may 
lie under the limestone. This opinion is further countenanced, by 
the iadt, ibai zpanjr of ihe hot springs met witk m "(icm^^^sA 
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aho in seoondaiy formatioiiSy ocenr in spots where the strata appear 
to have been cUstorbed by igneous agency. Of this there is a strik- 
ing example in the hot springs of Carlsbad in Bohemia. The hot 
springs of Clifton, in England, issue from a limestone, which appears 
to haye been disturbed at an early period by igneous action. The 
hot springs of Pfefifers, in the Grisons, gush from a ravine, from 400 
to 654 feet in depth, and so perpendicular, that the provisions re- 
quired for the inmates of the bath, are lowered from ropes attached 
to the summit of the difi^ and so narrow, that the rocks, in s(»ne 
places, touch overhead, and nowhere, perhaps, are more than 30 feet 
i^Murt The most obvious explanatbn of tnis phenomenon is to be 
lonnd in some convulsion of nature, such as that caused by an earth- 
quake, or the sudden elevation of a large tract of country. 

The other hot sramgs in Switzerland appear in similar circum- 
stances. Those of Weissenburg, in Berne, rise out of a gorge, like 
that of Pfeflfers ; those of Louedu appear at the foot of the mural 
pfecipice of Gemmi; while the sprmg of Baden, in Argovia, from 
which that of Schinezath is not &r removed^ lies near the point where 
the two mountains of Stafifelegg and Lagem have been severed by 
some great oonvuMon. 



TABLE OP THE PRINOIPAL HOT SPRINGS. 

Name. Ommtry. Tempantam. 

San Pedro, Portugal, 154^ 

Chaves', " 142** 

Vic, France, 212^ 

Plombidres, " 154** 

Vichy, « ..... 116^ 

Bourbons Les Bains, *^ 156^ 

Bourbon L'Archambaud, ^ 140^ 

Chaudes Aigues, ^ 190^ 

TepUtz, Austria, 118^ 

Carlsbad, " ..... 166<* 

"V^^baden, Nassau, 168® 

Aix La Chapelle, Prussia, 136** 

Baden, Baden, . . . . . 164° 

PiscarelK, Naples, 200<' 

Cteyser, Iceland, 212*^ 

Buxton, England, 82® 

Bristol, ** Y40 

Bath, « llYo 

St Michael, Aaores, ..... 208° 

Ms^Spnnga, Arkmaa, ^V^"" 



k5» 



Ifame. 
Hot Springs, 

Warm Springs, 
Sweet Springs, 
Sans Souci, 
Ghichimaqoillo, 
St. Lucia, 
Eanz Bomlli, 
Pnoto, 
Trindieras, 
Cnen^ 
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Coaitnr. 

Virginia, . . 
North Carolina, 
Virginia, . 
New York, 
Mexico, . 
West Lidies, 
Martinique, 
Venezuela, 
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Ecuador, 



112° 
104** 

60° 
206° 
208° 
131° 
112° 
196° 
162° 



§ XXVm — ^MiKERAL SpRmas. 



Springs in their course through the earth often dissolve minerals ; 
and thus produce a great variety of mineral springs. These contain 
salts, earths, adds, metals, and inflammable matters, the ingredients 
depending on the nature of the materials with which they come in 
contact. The quantity of mineral matter brought from the interior 
of the earth by springs is very great 

Even some calcareous springs in Britain deposit annually vast 
quantities of calcareous ta&L and sinter. In the neighborhood of 
Edinburgh, there are great calcareous deposits, from calcareous 
springs, that now flow urough limestone rocks, and appearances of 
the same kind abound around all the calcareous springs in England. 
Near Clermont, in France, some calcareous springs rise tmnough 
rocks of granite and gneiss, and ha^e formed a hm 240 feet high. 
Many of the great edifices in Rome, are built of calcareous deposits 
of this kind. The hot springs of Iceland and the Azores annually 
deposit great quantities of ^ca. Salt springs also bring from the 
interior of the earth, and spread over their vknnity much salt, which 
may be derived from the saline clays and salt beds through which 
they pass ; or may come from a great depth as an igneous production. 

Mineral waters are unfit for conmion use, their ingredients giving 
them a sensible flavor, and a specific action upon the animal economy. 
They are very various, both in their composition and temperature, 
and in their eflect upon the system ; and are generally so fsa im- 
pregnated with acid or saline bodies, as to derive fit)m them their 
peculiarities. They are commonly divided into four classes, — 
acidulous or carbonated, saline, chalybeate or ferruginous, and sul- 
phureous. With regard to temperature, they are also divided into 
warm, or thermal, and cold. The substances which have been 
found in mineral waters are very numerous ; but those which most 
fi^uently occur, are oxygen, nitrogen, carbon, and suh^bur^ in 
di^rent combinationa , lime, iron, and magne^a. 

3 
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ICneral waters are sometimes produced in the laboratcmes of 
chemists, either hj a combination of the same ingredients, so as to 
imitate natural waters, or by producing different combinations, so 
as to form compounds not known to exist in nature. 

The saline springs consist in general of salts of soda and lime, or 
of magnesia and lime, with carlxmic add, and oxide of iron« The 
princi]^ saline springs are those of Pyrmont, Seidlitz, and Epsom. 

The chalybeate or ferruginous waters have a decided styptic taste, 
and are turned black by an infusion of gall-nuts. Their principal 
mineral is iron, either in the state of an oxide, held in solution by 
carbonic acid, or as a sulphate, although sometimes it is found in 
both forms in the same water. The waters of Vichy, Spa, Forges, 
Passy, Cheltenham, and Tunbridge, in Europe, and Bedford, Pitts- 
burg, and Yellow Springs, in the United States of America, are the 
most celebrated of uiis class. 

The addulous waters are characterized by an acid taste, and by 
the disengagement of fixed air. They contain five or six times 
their volume of carbonic add gas. The principal salts which they 
contain are hydrochlorates and carbonates of lime and magnesia, 
and carbonate and sulphate of iron. The waters of Bath, Buxton, 
Bristol, Vichy, Seltz, and Kew Lebanon, are among the most noted 
of this kind. 

The sulphureous waters are easily recognized by thdr disagree- 
able smell and their property of tarnishing silver and copper. The 
springs at Saratoga, Ballston, Harrowgate, MojQQsitt, Aix La Chapetle, 
and Aix, are the most celebrated of this class. 

V7hen springs contain a great quantity of carbonic add, they be- 
come more grateful to the taste; and when iron is present, as is 
sometimes the case, they become tonic and stimulant in their effects. 

The exact chemical composition of mineral waters is not easily 
ascertained, as it is frequently very difficult to determine whether a 
certain product is not the result of the steps employed during the 
analysis. 



§ XXIX. — Origin op Springs. 

There are many theories respecting the origin of springs, most 
of which differ in their deductions and principles, but the only one 
which seems to be rational and consistent with ^cts is that of Dr. 
Halley, who maintains that springs are nothing more than a part 
of the water which £ei11s on mgher ground, filtrating through, and 
afterwards issuing Ibrth at a lower level. The water at first coUects in 
large subterraneous cavities, from which it afterwards filtrates slowly, 
sad paaam towarda the springs. The dkpoB^onoC th& tocfa^m 
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strata, oontribatai much to the ooUecdiig of the waten under the 
mdacej and oonveying ihem without waste, as if in close pipes, till 
they are united in fountains, lakes, and rivers. Dr. Halley showed 
that the evaporation of the sea alone is a sufficient supply for all the 
waters that the rivers cany into it But his calculations are com- 
plex. Bufion took a more simple view of the matter by selecting 
(me of those lakea that send out no stream to the ocean, and show- 
ing that the probable evaporation from the sur&ce of the lake is 
Xal to all me water earned into it The internal reservoirs from 
ch cnprings are supplied, are, in many cases, derived from the 
water which the earth abscHrfos from rains and melted snow. From 
these reservoirs, the water flows out by minute fissures in the sides 
of the hills. When we see springs rising up in plains, the water 
flows under ground from distant Ovations, and rises, owing to the 
tendency of a liquid to find its level. We never find a spring on 
the top of a mountain, nor in any place except where there is higher 
ground fr<mi which it may flow ; and when we remember that the 
annual fall of rain varies utde from year to year, we can readily see 
why springs should be perenniaL 



§ XXX. — Glacibrs. 

Glaciers consist of snow which has been partly melted and after- 
wards froeen. Snows accumulate on mountain tops and in elevated 
valleys fi>r whole centuries, being compressed and consolidated by 
alternate thaws and frosts, till uey assume the appearance oi im- 
mense fields of ice. Thus are formed those wide expanses of frozen 
snow which cover whole mountains. The high valleys are filled at 
the same time, partly with snow which Mis tiiere, partly with the 
iey waters which flow from the snowy summits, and consohdate these 
snows, and partly with the avalanches which roll from the overhang- 
ing sunmiits. These masses seem, in several instances, to have been 
increasing for a long series of years. In Switzerland they have 
filled up whole valleys, buried villages, and closed up passes. But 
the diminution produced on the lower side by the heat of summer, 
usually compensates for the increase which thev receive on the upper. 
A few warm seasons are sufficient to re-establish the equilibrium. 

The scenes which these bodies of ice exhibit are as varied as their 
extent, and as beautifril and grand as imagination can conceive. At 
one time they resemble a great mass of waves ; at another, these 
inequalities disappear, and leave nothing to the eye of the aston- 
ished traveller but an immense mirror of polished ice. Here they 
exhibit superb portals of crystal, and there brilliant spires of spark- 
hpg^geuas. In odier plaoeB^vaiaxidi&A glidd ovet a&eS^^ Sj^<k«^ 



If ^ HTBBOLOGT. 

then stop, and reflectmg tlie rays of ike sun, display dazzling forms 
ci towering pyramids and obelisks. 

Glaciers are of essential service in furnishing water to the sur- 
rounding lands ; for without this congelation it would be at once 
precipitated with impetuosity from the mountains, so as to overflow 
and devastate those countries which it now fertilizes, and leave them 
afterwards to suffer from protracted droughts. But the cold converts 
the water into snow and ice, and thus holds it suspended on the 
eddes of the mountains, to supply un&iling and abundant streams, 
oopng from the base of these enormous masses, or from the bosom 
of their cr3^Btal grottoes. 

The position of the snow line, or limit of perpetual snow, depends 
80 much upon variable causes, such as the form of the summits, the 
comparative altitude and physical features of the surrounding country, 
the particular exposure of tne mountains, etc., that no general rule 
can be ^ven for determining it in any given latitude. 

The ice of the glaciers is different from that of sea and river water. 
It is not formed in layers, but consists of Uttle grains of congealed 
snow ; and hence, though perfectly clear, and often smooth, it is not 
transparent. Its fracture is' not radiated like that of sea ice, but 
granular. In the numerous fissures, it has a green hue near the sur- 
race, and at the bottom a blue tinge. Along the edges of the gla- 
ciers are generally foimd moraines. These are an accumulation of 
earth and stones, which is often several &thomd high, and in sum- 
mer present the appearance of bottomless morasses, producing no 
vegetation. It is probable that these moraines are produced by the 
avalanche of the glaciers, which roll before them, as they advance, 
ev^ obstacle that impedes their progress. 

Ine great ice fields, during the summer, slide lower down into the 
valleys, where they are partially melted by the warmer temperature. 
Li Lapland, where the sun has less power, glaciers slide down into the 
lower parts of the valleys, and render the air so cool that the hne 
of perpetual snow extends as low as 3,000 feet above the level of the 
lea. The descent of a glacier is greater or less according to its de- 
clination. This is shown by the changes in the position of large 
masses of rock around itj which are evidently pusned along by its 
edge. In Switzerland, stones have been found tnus pushed forward 
26 feet in one year. Stones of considerable bulk are also seen in 
the moraines, of an entirely different formation firom those of the 
valley, and must therefore have been pushed down from the higher 
regions in the course of time. 

As glaciers, in some positions, and in hot summers, decrease, so 
they often also increase for a number of years, to such an extent as 
it? render a vaXlej uninhabitable. Their increase is caused chiefly by 

vzwfe thawing and freezing, since water ex^esidA ^c^aiDL^ Vdl ^<^ 
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act of freesng, and the hoUofWB in the man are fteqnentty filled up 
by rains or mdted snowB before the next frost. 

Avalanches are nothing but fragments of gladers which have been 
Inoken off owing to the steepness of the slope down which it is 
moving, or to its being extended over the edge of a precipice. They 
are sometimes so lai^ as to destroy sevml villages. Sometimes 
they carry stones and earth with them as they rdl along. When a 
^^acier breaks, it often produces a noise Hke thunder. The fissures 
often deceive the traveUer by being covered with snow. 

In the Tyrol, in Switzerland, Hedmont, and Savoy, the ^[aders 
are so numerous that they have been calculated to form altogether a 
superficial extent of 1,484 square miles. There are gladers in Savoy 
mofe than 14 miles long, 2 miles wide, and from 60 to 600 feet 
thick. One ci the most fiunoua gladers, is the M^r de Glace, or 
Sea of Ice, in the valley of Chamouni, 5,700 feet above Hie level of 
the sea. In France, near Beaume, and in the Carpathian Mountains, 
near DseUtc, are gladers which never melt^ because they are so 
situated that the sun cannot act upon them. No gladers are found 
in many elevated and snowy regions between the tropios, because 
the t^peiature continues the same during the whole year. 



§ XXXT. — Quani and Coubsb ot Riyibb. 

The effusion of springs, and the flowings of mdted ice, form little 
currents, more or less gentle, whidi are turned rivulets. The water 
of heavy rains often produces more impetuous streams, whidi some- 
times fmrow the sides of the mountains. The union of these stream- 
lets forms brooks^ which, following the declivity of the ground, unite 
most fifeq uently in a grc^t stream, whidi takes the name of rivery 
and which c(Hiveys the collected waters to the ocean. The declivities 
whence flow the streams whidi discharge themselves into one partic- 
ular river, are called the b(um of tht^ river. The basins of two 
rivers are frequentiy contiguous; those of the Orinoco, and the 
Amazon, are actually united by the Cassiquiari, and some others. In ' 
Europe, the sources of the Buna, Niemen, and Boiysthenes, nearly 
meet together in a marshy plain. G^logy has been much employed 
in investigating the subjed; of basins. In general, the mineral bedi 
and petrifkiations of the same basin present a certain analogy. The 
elevation of the sources determines the amount of the declivity of 
streams, and this latter circumstance modifies their course, rendering 
it rapid or gentle, regular or meandering. 

Most of the large rivers originate in mountain ranges ; but this is 
by no means uniformly the case. In the centre of Euxo^^ean. Rusaia^ 
XT example, several of the laigest riven in Eoio^ oni^s^ai^ X^ 
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there are no numntanis around their sources. Between the soix 
of the Niemen and the Duna, on one side, and those of the Dnie 
and the Dniester, on the other, there is no sensible elevation ; i 
instead of the mountains laid down there by some geographers, tl 
IB only a marshy plain. Sometimes, as a river advances, the 
roundmg oountiy rises, instead of declining. Thus the Dnieper fl 
through a deep fissure or glen, through a country more elevated t 
the miarsh in which it rises ; and the Niemen passes round some 1 
still more elevated, although its source is on a level with that of 
Dnieper. 

The beds of rivers are the lowest chasms formed by the s^ 
iev<duti<»i which produced the mountains. The streams evide 
bring down porticos of the boHI from the sides of the mountains, 
finrm, by their sediments or settlings, those horizontal plains wl 
occupy the bottom of certain valleys ; but a river could never, b; 
own force, have opened to itself a passage through solid rocks, sin 
to those which bidder on the Upper Rhine : it must first have fo 
the outline of its course deeply n^arked out. 

Bunning waters unceasingly wear away their beds and bank 
places where the dediviiy is very rapid ; they hollow out and de< 
their channels in moimtains composed of rocks of a moderate h 
ness ; they draw along stones, and form accimiulations of then 
the lower part of their course ; and their beds are often elevate 
the plains, while they are deepened and depressed in the mount 
These dianges, going on for thousands of years, could only give i 
to the banks (k rivers, but did not create them. 

It is cmly the sloping of the land, which can at first cause rivei 
flow ; but an impulse having been once commimicated to the n 
the pressure alone of the water will keep it in motion, even w 
th^re is no declivity* Many great rivers flow with an impercep 
declivity. The river c^ the Amazons has only 10^ feet of decli 
upon 200 leagues' extent of water ; making -jr of an inch for e 
1,000 feet. The Seine, between Valvins and Sevres, has only 1 
declivity out of 6,600 ; the Loire, between Donilly and Bria 
foot in 75,000. Hence, we see the reason why one river may re< 
another nearly as large as itself without any great enlargemei 
its bed. The increase of its quantity, only accelerates its co 
S(xnetimes one river, foiling into another with great rapidity, ai 
a very acute angle, will force the fcnrmer to retrace its course, 
return fcHr a short space, towards its source. This has happ< 
m(»re than once, to the Rhone, near Geneva. The impetuous i 
coming down from the mountains of Savoy, being swollen be; 
its usual size, has driven the gentle waters of the Rhone back 
the hike oi Qenera, causing the wheela of imlla to revolve 1 
muidsi. 
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Some nven Lave no stream whatever, and the cause is easily dis- 
oovered ; the land, having scarce any declivity, does not impart a 
sufficient impulse to their waters, which are constantly retarikHl, and 
finally ahsorbed by the land. Sometimes these river waters are 
evaporated by the heat of the sun — as is the case with some of the 
rivers of Arabia, and Africa ; but they more commonly iluw into 
pools, marshes, or salt lakes. Thus, we see that declivities iire indis- 
pensable to the course and flow of rivers, which require a gentle, but 
steady impulse, to conduct them to the sea. Some rivers suddenly 
di sapp ear by flowing into subterraneous channels. 

Wnen a river is obstructed in its course by a bank of solid rocks, 
and finds beneath them a stratum of softer materials, its waters wear 
away the softer substance, and thus open for themselves a subterra- 
neous passage, more or less long. Such are the causes which have 
fbnned the sinking of the Rhone, between Seyesel and L'Ecluse, the 
natural bridge of Veja, near Verona, with an arch of 114 feet ; and 
the magnificent rock bridge in Virginia ; an astonishing vault, unit- 
ing two mountains, which are separated by a ravine of 270 feet in 
deptii, through which Cedar Creek flows. It is probable that the 
Ml of a rock has formed these natural bridges, like tnose of Icononzo, 
in Mexico. In Louisiana, whole forests have been observed to Ml on 
a river, covering it over with vegetable earth, and giving rise to a 
natural bridge, which, for leagues, obscures the course of the river 
from sight. The river Guadiana, in Spain, has its waters scattered 
wd filtered in the sandy and marshy grounds, from which they re- 
issue in greater abundance. Many rivers appear to have been at first 
a series of lakes and cataracts alternately, through which the water 
was conveyed from higher to lower ground. The bottoms of these 
lakes were gradually filled up with debris, their outlets by degrees 
deepened, or the basins rent through. The lakes, at length, became 
dry plains, traversed by the rivers and the cataracts, clefts, or deep 
ravines ; and the rivers acquired a pretty uniform descent. There are 
traces of these revolutions to be seen in every part of the globe. 
The Parallel Roads of Glenroy, in Scotland, are nothmg but horizon- 
tal shelves, which usually surround lakes. From these it appears 
that the valley was formerly the basin of a lake, which is now cut 
through and emptied. Three distinct basins are discovered in the 
course of the Rhine : first, that of the Lake of Constance ; second, 
that which reaches from Basle to Bingen ; the third, from this to the 
sea. Iliey are separated from each other by rocky straits. In many 
cases the subsidence of the water, at successive stages, can be traced 
from one level to another, by means of the different horizontal shelves 
still visible on Ihe sides of the valleys, as in the case of Glenroy, just 
mentioned. In the valley of the Rhine, Professor PlayMr distin- 
guished four or five terrace&y at the suocessivQ h.e\^\& qH \:«^s^^> 
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thirty, and £>ity feet^ above one another. The same thing oocars on 
the banks, in the great dbam of North American lakes, not yet empty. 
The larger rivers are, the smaller generally is their fiall, or declivity. 
The reason of this is, that there are few materials of which beds of 
rivers are formed, that could have resisted the action of a great river, 
having a rapid fall, during the lapse of ages. 



§ XXXn. — Cataracts and Casoadss. 

Rivers which descend from primitive mountains into secondary 
lands, often form cascades mid cataracts. Such are the cataracts of 
the Nile, the Ganges, and some other great rivers, which, according 
to Desmarets, evidently mark the limits of the ancient land. 

The most picturesque falls are those which are made by rapid 
rivers, bordered by rocks and trees. Sometimes we see a body of 
water, which, before it reaches the bottom of the ravine, is broken 
and dissipated into showers, like the Staubbach. Sometimes it forms 
a watery arch, projected from a rampart rock, imder which a person 
may pass dry-shod, as the Falling Spring, in Virginia. In one place, 
we see a river urge on its foaming billows among pointed granitic 
rocks ; in another, amidst lands of a calcareous formatioD, it rolls down 
majestically from terrace to terrace, and presents occasionally a fine 
liquid mirror, and at other times, a wall of water. 

The elevation or height of cataracts has generally been exagger- 
ated ; that of Tequendama, formed by Bio de Bogota, being only 
estimated at 600 feet by Humboldt, instead of 1,500, which it was 
said to be by Bouguer. The cataract of Staubbach, the highest cata- 
ract known, instead of being 1,100 feet, as travellers have supposed, 
is only 900 by trigonometrical measurement. 

When the ground does not form a steep and almost perpendicular 
bank, but only a very rapid decUvity, and when, at the same time, 
the bed of the river is confined by rocks, the waters acquire by com- 
pression an astonishing force. Winterbotham relates, that the 
Connecticut River, in the United States, at 40 leagues from its source, 
is so compressed with rocks, that it carries along on its surface pieces 
of lead, as if they were so many corks ; and that notwithstanding 
the utmost efforts, it is impossible to insert an iron point into its 
waters. 

The small river of Ache in Bavaria, which rises in a cavern of 
the glacier of Mount Tauren, throws itself over an elevation of 
2,000 feet It has five great falls, the last of which forms a most 
magnificent arch of waters, which is dissolved in spray before it 
jmaches the ground. The noise of its waters is heard at a distance 
of more than 3 milee; and the current ci kh ^Vji^sis/A. \s^ ^3^ 
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descent of its waten is so violent that those viho attempt to ap- 
proach the golf are forcibly driven back. The most celebrated fiul 
m the world k tiiat on the River Niagara, which connects Lake 
Erie urith Lake Ontario^ The river, just above the &l]s, is divided 
hy Goat Island into two parts ; one, 600 feet broa(]» fkUs to the 
depth of 160 feet, while the other, 85 yards broad, falls 164 feet, 
perpendicular height. 

hi Scotland, the most considerable fells are those of the River 
Clyde, near Lanaric, where the river is precipitated down three 
successive precipices. In the upper fells, that of Boniton, the river 
throws itscuf down a precipice 80 feet high ; lower down, at Com 
Linn, it is precipitated from a height of 84 feet. The lowest fell, 
that of Stone Byres, consists of lliree stages, being broken by two 
projecting rocks; its fell is 80 feet. On the river Foyers, near 
Loch Ness, there are two fells, the upper one 40 feet high, the 
lower 00 feet. In the mineralo^cal report of Lapland, presented 
to the Swedish government, the discovery of a great wat^rndl in the 
river Lattin is particularly mentioned. It is said that this is half a 
mile broad, with a fell of feur hundred feet. 

When a river bed suddenly changes its level, so that the stream 
is plunged down a considerable distance at once, a cataract, cascade, 
or fell, IS lS:»rmed ; when the change of the level is less abrupt, and 
the inclination is such as to render the current violent and broken, we 
give it the name of rapids. "• Cataracts," says Lamouroux, ^ must have 
been both more numerous and more lofty in the andent world than 
they are at present They are daily diminished, both in number 
and height^ by the action of that universal leveller time; and 
perhaps, in some future age, the cataracts of the Nile, and tlie 
Ganges, the Falls of Niagara, and the cascades of Tequendama, 
will be looked upon as a f^on of poetry." The Falls of Niagura 
have been Ibund to be gradually receding from Lake Ontario. This 
great body of water is nurled over a ledge of hard limestone, be- 
low which is a layer of soft shell, which decays and crumbles away, 
so that the superincumbent limestone is left without a foundation, 
and frdls from time to time in large masses. The bed of the river, 
below the feDs, is strewed over wiSi huge fragments, that have thus 
been detached and plunged into the abyss. Within the last forty 
years, the fells have receded nearly fifty yards ; and there is little 
doubt that they were once at Queen's Town, about seven miles below 
their actual site. Should they continue to recede at the rate above 
stated, or a little more than one yard annually, it will be 30,000 
years before they reach Lake Erie. 

Some of the most beautiful cataracts have been created, at least 
in part, by human labor. The celebrated Cascata del Marmore, at 
Term, ^ wJueb,'' aaja BjioDy ''is worih aH thft Qa»(iai3i»& V[A\«nsD^ 

8* 
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in Switzerland pnt together," is attributed to a work of Gurius Dentar 
tuB (290 B. Cj who caused the rock to be cut through for the pur- 
pose of draining the marshes and making an outlet for the Velino. 

Some cataradts owe their celebrity to the vast volume of water 
which is pouced in an unbroken sheet over a great descent, as with 
the Niagara. Others are remarkable only for the vast height from 
which Siej fall, whether they plimge down the abyss at a single 
leap, or dash themselves successively from shelf to shelf, till they 
reach the bottom of the precipice. Some, falHng in small riband- 
fike currents over the edge of the rock, are dispersed before they 
reach the groimd in small thin spray, forming ghttenng showers of 
brilliants or gaudy rainbows ; others, driven forward by the force of 
the current, ML over in a continuous arch, between which and the 
bottom of the ledge from which they have fallen, the visitor may 
pass ; and yet others are visited and admired chiefly for the pic- 
turesque beauties of their site, the grandeur of the precipices, or 
the gloomy horrors of the deep chasms which surround them. 
** If it be difficult," says Humboldt^ " to describe the beauties of 
cataracts : it is still more difficult to make them felt by the aid 
(^ the pencil." The impression they leave on the mind of the 
observer depends upon the occurrence of a variety of circumstances. 
The volume of water must depend upon the height of the fall, and 
the scenery around must wear a wild and romantic aspect A 
cataract surrounded by hills produces much less effect than the 
water-fall which rushes into the deep and narrow valley of the 
Alps and Appenines, or still more of the Andes. Independent of 
the height and body of water, much of the beauty incident to a 
cataract depends upon the adjacent landscape, the precipitous rocks, 
the richness of the scenery which surrouncb it^ and even upon the 
nature of the trees which clothe its craggy heights. The Niagara 
Falls, for instance, would be more impressive in their character, if 
palm trees and other Oriental productions relieved the eye, and 
tent to the imagination the hues of a loveUer sky, which would 
contrast happily with the sterile grandeur which now only strikes to 
appal both the mind and the sense. The great body of the water 
in this cataract passes the precipice over which it falls with such 
violence that it forms a curled sheet, which strikes the water below, 
50 feet from the base of the precipice, and visitors can pass behind 
the sheet of water. It is often adorned with a rainbow, and some- 
times three are seen in the clouds of spray, which rise 100 feet 
above the precipice. 

The primary regions of Europe abound in cataracts. The torrents 

are seldom of great size, but the rocky beds over which they roar 

MBd dash m foam and spray, the dark glens into which they rush, 

Mod tbe wildamt of the whole floenery, Q&ukpcodiJMOAvteg^^eauai^^ 
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Hie RngBfth kngiuge has mare terms than any other to express the 
difieront degrees of rapid and sudden descent in streams of water. 
A considerable dedivity in the bed of a river produces rapids ; when 
it mna down a precipice it forms a cataract ; and if it &lls from 
iteq[> to steep, in sucoessiye cataracts, it fi»rms cascades. In primary 
and traoBition ooontries, riyers generally abotmd in rapids : they also 
oocnr in seoondaiy countries, but the descent is more gentle. In 
aHuyial districts £ub are veiy rare : they are most frequently found 
in the passage of streams from the prinutiye to the other formations. 
Rapids and cataracts are (rften great blessings on accotmt of the 
witor power they a£brd. 

TABLES OF SOME OF THE MOST REMARKABLE FALLS IN 

THE WORLD. 

I. FALLS nr EUROPE. 

Height 

llie Oico, Mount Rosa, Italy, 2,400 feet 

- Qayaime, France, IVrenees, 1,350 ^ 

Fngloe, Isle <rf Puffloe, Norway, ...... 1,000 " 

Staabbach, Switzeriand, . 060 ^ 

Doby Mymn, Wales, 900 " 

GiiAel, Wales, 900 " 

Biuken Fossen, Norway, 800 <* 

Hohneas Falls, Scotland, 800 "^ 

Nant Darpenaly, Savoy, 800 ** 

Maamelyen, Norway, 800 ^ 

' Serio, Lombardy, 500 " 

I Lattin Falls, Swedish Lapland, 400 <" 

Staubbach, Berne, Switzerland, 900 "^ 

I Tosa,Valais, 400 « 

Gray Mare's Tail, Scotland, 350 "^ 

Temi Velino, R<Hnan State, 300 " 

Adiam, Scotland, 240 '' 

Foyeis' Falls, Scotland, 212 « 

Beichenbach, Switzerland, 200 '' 

Tendon, France, 120 •* 

Eerka^ Dalmatia, 100 ^ 

DeyiPs Bridge, Scotland, 100 « 

Gotha Falls, Trolhatta, Sweden, 100 " 

Schaffhausen, Switzerland, 70 '' 

Tlvoli, Italy, 60 " 

Caldron Linn, Scotland, 88 " 

Bruar Falls, Scotland, '70 " 

Lynn Cfewen, Wales, 100 " 

dwnMoaMMwr, Wslm, . , % . ^^ ^ 



60 HniBOIiOOT. 



n. FALLS IK AMERICA. 

Height 

Niagara, 170 feet 

Tesquendama, New Grenada, 580 ^ 

Pusambio, or Purace, New Grenada, 400 ^ 

Montmorency, Canada, 250 *^ 

Falling Spring, United States, 200 "^ 

Catskffl, United States, 175 « 

Tauquanic, United States, 160 "^ 

Great Falk, United States, 150 " 

Chaudiere, Canada, 100 ** 

Missouri, United States, . 90 

Guanaciialto, Mexico, 80 

Passaic, United States, 70 

Cahoes, do. 60 

St. Anthony, do. 40 

Glenn's, do 40 « 

Mississippi Falls, do. 40 ^ 

u 
u 
u 
u 



lifisfiouri Falls, do. ••••••••• . 

Tochoa Falls, *do. 187 




lU. ASIATIC FALLS. 

Height. 

Garispa, Indian Ghauts, 1,000 feet 

BirraChuki, 100 " 

Bilohi, 400 " 

Ganga Chuki, Cavery, 200 " 

Chadiai, in India, 862 ** 

Booti, da 400 " 

Tonse, do 200 " 

There are many beautiful and magnificent fisills, not. given in the 
above tables, because they have never been measured. 



§ X'^yiTT. — ^Periodic Increase of Kivers. 

The periodic me of the Nile used to be oonndered a singular phe- 
nameoaa, and one of the greaioBt mjatoncA <£ i»Ji»x^\KsibitQAaflDi. 
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EnropeanSy by penetrating into the torrid zone, which was ahnott 
imknown to the andents, discovered that this wonderful property 
belonged to many other rivers besides the Nile. It is now weu 
known, that in all countries situated between the treses, it rains in« 
oessantly and heavily, during a certain season of the year, according 
to local drcnmstances. The torrid zone, deprived in a great measure 
<^ the benefit arising from snows and glaciers, has this deficiency 
supplied by copious torrents of rain, pouring down incessantly for 
some time upon the ground that has been almost burnt up with heat 
during the dry season : then all the lakes and rivers swell and over- 
flow their banks. If a river, under the influence of these tropical 
rains, flows along a plain, in a direction parallel to the equator, its 
overflowing waters will spread, with a certain d^ree of equalilji 
over the whole extent or its banks. Such is the case with the 
Orinoco, in America, the Senegal, and probably the Niger, in Afirica. 
Iff on the contrary, such a river flows ttom a great elevation, into low 
plains and valleys, or if its direction be perpendicular to and from 
the equator, then the action of the tropical rains upon it, will be ex- 
tremely unequal, for the surplus of water will be carried almost 
entirely towards the lower parts of its basin. This is exactly what 
happens in the floods of the Nile. This river undoubtedly rises in 
the Mountains of the Moon, which probably form a very elevated 
plateau in the centre of Afirica. 

In Asia, the rivers Siam and Cambodia flow in nearly the same 
latitudes as the Nile, but in a diflerent direction, being from north to 
south. These two rivers have floods resemblio^ 9ie Nile. The 
Gkmges, the Indus, and in general all the rivers i^ch flow between 
the tropics, present this phenomenon, varied by local drcnmstances. 
The rivers beyond the Umd zone are subject <mly to the kss-marked 
periodic swellii^ which arise from the melting of the snow in the 
spring, and the &11 <^ the autumnal rains. 



§ XXXIV.— Mouths of RiviBflL 

Rivers, in runnii^ into the sea, present a great variety of interest- 
ing phenomena. Many {ona sand banks, as the Senegal and the 
Nile ; others, like the Danube, rush with such fc«oe into the sea, that 
for a certain space, the waters of the river can easily be distinguished 
fix)m those of the sea. Those of Syre, in Norway, are discernible 
for six'miles aflier they enter the sea. It is only by a very large 
mouth, like that of the Loire, Elbe, or La Plata, that a rivor can 
tranquilly mmgle with the sea. Even these, however, feel the mAu- 
eo<»afuieaea,wld(^repebthmw&tsn\)^ 'X\£(>&^ 

ibe 8eh»e^ Mt Us moaib, foam a bar of eoaa&eniklft «teBLV^ «kA,^^ 
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Garonne, being unable, when opposed by the tide, to discharge its 
waters with sufficient rapidity, forms, between Bordeaux and its 
mouth, a kind of gulf, rolling backwards, inundating the banks, and 
. stopping vessels in their progress, both up and down. This phe- 
nomenon, termed the inascaret, is only the collision of two bodies of 
water, moving in opposite directions. We have already mentioned 
the subhme phenomenon of this kind, presented by that giant of 
riveiB, the Amaaxm. Twice a day the flowing tide resists its imprisoned 
waves, in their course to the ocean. The shock is sometimes tremen- 
dous ; and a liquid mountain is raised to the height of 1 80 feet. The 
flnst or second day after every new and full moon, the tide is unusu- 
ally strong ; and the river also seems to redouble its energy ; and its 
waters, and those of the ocean, rush against each other with extreme 
violence. The banks of the river are inimdated with their foaming 
waves, and loud roarings echo from island to island. The Indians 
call this phenomenon &e pororoca. 



§ XXXV. — ^Inundations, 

The overflowing of a river is liable to vary at different periods. 
Thus, it is distinddy mentioned in the Bible, that the Jordan over- 
flowed its banks during harvest, expeUing wild animals that lurked in 
their thickets ; but this river does not now overflow its banks. It is 
said that the channel has become deep enough to hold the floods. 
But it is not unlikely that its banks have been raised by successive 
deposits of mud, or it may be that the fall of snow and rain upon 
Mount Lebanon, whence the floods came, is not so abundant since its 
forests of cedars have been cut down ; for some travellers are of 
opinion that this liver must, from the accounts of the ancients, have 
formerly been of much greater magnitude at all seasons of the year 
than it appears to be now. 

The excessive rains which fall in tropical regions during a certain 
season of the year, occasion inundations of the rivers within the tor- 
rid zone, to which such rains are chiefly confined. In the frgid zone, 
the season of floods is ia spring, when the ice and snow melt. 
These floods are violent, and d short duration. Some of these rivers 
have two or three successive floods, corresponding to the seasons of 
thaw on the low grounds, on the sides of tke mountains, and on their 
summits. The inundations of the Nile are periodical, and begin in 
June. It draws its waters from the tropical regicms, where excessive 
periodical rains cause olher rivers to overflow. By the middle of 
^^U8^ tibe whole valley of E^;ypt is covered with water. 
lie awelUag of the Qanges, which axisea i^axtiy fcom raina^ and 
P^tfyfkom ibe mebuig of aiicyW} befpsoa la A:pnV,«xA ocsD&ooMa^ 



mMMxmowB «v kvsrs. 



«S 



the mUMle of Au^ut^ idMn it attainfl to its maadmitm heig^ whidi 
18 thorfy-cHie or thufj^two feet 
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•DiMSKSIONS OF RiVXBt, 



In order to aeoertiiii the actual dimensioDa of a river, it ia neoei^ 
saiy to detennine its l^iffth, and depth, the area of its basin, and 
the amount of its annuiU discharge of waters. In estimating its 
length, we may traoe its windings, by its channels, from its souroe to 
its mouth ; or we may compute only its principal bends. It is this 
diflS»ent manner of estimating the length of the riyer's course, and 
other causes, that lead to so many inconsistent statements. The fol- 
lowing tables state the length of the rivers, allowing only for the 
principal bends; and it is often necessary to add from one fourth to one 
. sixth, to give the entire length of the channel 
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Am—rm, 8,200 MilcS. 

La Hate, 2,130 « 

Orinoco, .- 1,160 « 

Magdalena, 820 «" 

Tocantin, or Para, .... 1,500 ** 

San Frandsco, 1,2*75 *" 

Madeira, — tributary of Amazon, 1,800 ^ 

Topayoa, . . . do. . . . 1,000 « 

Napo, • . . . do. • . . 800 «* 

Xingu, . . . da • . . 1,080 «* 

l^^;ro, • • . do. • • . 1,400 ** 



2,500,000 

1,250,000 

300,000 



I. KOBTH AMERIOAK RIVEBB. 

BiTen. Lenglli. 

Masfflrippi, • 2'^^^lMiles. 

Missouri, to mouth of Misnssippi, 3,500 f 

Oregon, or Columbia, .... 1,200 " 

St Lawrence, 2,000 « 

Mackenrie, . ....... 1,500 « 

Nelson and Winnip^, . ♦ . . 1,000 " 

Ottawaa, 1,200 ^ 

1,800 * 



Aim of Basin. 
1,250,000 

600,000 
300,000 
250,000 
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BItmi, Length. AiMorBariB. 

Bed River, 1,150 Mies 

Ohio, 800 " 200,000 

Colorado, 800 ** 

Bravo Del Norte, 1,250 « 

Susquehammh, 300 «* 30,000 

Tennessee, 680 " 41,600 

Cumberland, 400 « 18,000 

Potomac, 370 « 13,000 

Hudson, 300 " 

Mobile, or Alabama, 400 ^ 40,000 

Delaware, ........ 276 « 12,000 

Illinois, 400 " 24,000 

Connecticut^ 310 ** 

James, 870 •* 10,600 



m. EUBOPSAK BIVXBa, 

Uran. Length. Area of Baatu. 

Volga, 1,900 Miles. 640,000 

Danube, 1,630 ** 310,000 

Dnieper, 1,050 " 200,000 

Don, , 860 •* 206,000 

Rhine, 830 " 70,000 

Dwina, 700 «* 126,000 

Vistula, 650 ** 70,000 

Loire, ....... 620 <* 48,000 

Hbe, 680 «* 60,000 

Rhone, 640 ** 

Duna, 490 " 

Dniester, 480 « 

Tagus, 620 " 28,760 

Meuse, ....... 620 ** 

Seme, 480 «* 26,200 

Oder, 460 «* 43,926 

Douro, . 456 *« 86,000 

Ebro, 410 « 

Po, 380 " 27,000 

Thames, 200 ^ 5,000 

Shannon, 220 ^ 

Serent, 210 ** 

^bGT, . . ^ , , . . aiO- ^ 
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Leagtb. 

Nile, 2,760 Miks. 

Niger, 2,200 «* 

CoBgo» OT Zioe, . . . 1,400 "^ 

Sen^, 850 <" 

GamlHa, 600 '^ 

Orange, ...... 1,050 " 

Zam^ae, 950 ^ 



Aiwar 
500,000 

450,000 
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RiTMi. 

Tangtsekiaog, or Ejaoku, 

Yenisei, . 

Obi, , . 

Lena,. . 

Indus, . 

Cambodia, 

Amour, . 

Ganges, . 

Euphrates, 

Hoangfao, 

Jihon, or Oxus, 

Sirr, or Jaxartes, 

Ural, • • • • 

Maykiang, • • 

Talnang, . . • 

Meinam, or Siam, 



Length. 

2,700 Miles. 
2,900 « 
2,800 
2,500 
1,100 
1,700 
2,240 
1,350 
1,860 
2,400 
1,300 
1,200 
1,050 
1,700 
1,050 
850 



u 



u 
u 
u 



u 
a 
u 



Aimoi 
600,000 

1,200,000 

1,300,000 

960,000 

400,000 

900,000 
600,000 
230,000 
400,000 



§ XXXVIL— Lakes. 

Eztensiye aocumulataons of water, surrounded on all sides bj land, 
and having no direct communication with the ocean, or with anj seai 
are called lakes. Lakes are of four kinds. 

The first class comprehends those which have no outlet, and which 
do not receive any running water. These pools are usually very 
small, and do not merit much attention. Of these are the Arendt^ 
in Vieille Marche, which is formed by the sinking down of the cir- 
cumjacent lands, and the Lake of Albano, near R(»ne, which appears 
to be an did crater filled with water. 

Hie aeotmd dasB ocmae^ oi thoio lakes whacbL\xxv^ tti o^odsSat^Xsofi^ 
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^vbieh do not leeeiye say miming water. Sncli a lake is formed hy 
a spxmgf or perhaps by. a multitude of efmg&, which, caning into 
a kmd of reaenroir, aire obliged to fill that before they can find an 
outlet lor their own waters. Tboee lakes may, neyertheless, be fed 
by little inri^bie streflDon of water, which descend from the surround' 
ing lands or from subterraneous canals. Some great rivers have 
lakes of this kind for their source. These kdres are geners^Iy situated 
on great elevations. There is one of this hind on Mount Botondo^ 
in (S)rsica, which is 6,294 feet above the level of the sea. 

The third daas of lakes is v^ numerous, consisting ci all such as 
receive and discharge streams of water. Each of iSte lakes of this 
class may be regarded as f(»rming a basin, for the reception of the 
neighbonng waters. They have^ in general, one outlet, which almost 
always takes its name from the pxmdpal river which flows into il 
But it cannot^ with truth, be said that these rivers traverse the lake, 
as their waters mingle with those of the basin over which they are 
difi[used. Th^re are four or five lakes of this cla3s in North America, 
which, in point of extent, resemble seas^ but .wluch, by the flow of a 
continual stream of fresh water through them, preserve their clear- 
ness and sweetness. 

The fourth class ci lakes presents phenomena more difficult to 
explain. We mean those lakes which receive streams of water, and 
<^t6n great rivers, without having any visible outlet. The most 
eelebmtod o£ these is the Caspian Sea, oi which we have already 
spoken. Asia contains a great many others besides. South America 
contains the Lake liticaca, which has no efl!ux, thoc^h it receives a 
large river. These lakes mostly belong to the interior of great con- 
tinents ; they are placed on plains whidi have no sensiUe declivity 
towards the sea, and winch do not permit these collections of water 
to open for themselves a passage tbrou^ whidi they may flbw out. 
But it may be asked, why do these lakes wbidb are ahrays receiving 
suppHes of water, but have no outlet, not overflow their banks ? 
The reply is^ that evaporati<xi is sufficient, in all such eases, to 
carry ok their excess of water, as has been shown to the entire sat- 
ififiMstion of men of sdence. 

; Subterranean lakes fonn a dass ci lakes which differ from all the 
peceding, and are bodies of water contained in cavities quite covered 
by earthy strata. It is only when such cavities are laid open by 
earthqudies, hy the fidHng asunder of mountains, by the action of the 
weather, or by rivers, by the operations of mining, or when the roof 
611s in, that ti^eir situation becomes known. They are very numer- 
ous, though small in size. It is not easy te account for the existence 
of permanent and uniform springs, on any other supposition than 
ihat tbej are fed by such lakes. Some ci these appear to give rise 
ie^/m«^ wiihcibem an knoim to xeoeive^rasjf eGomkinXJii^ id8»ii&a^ 
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wbSetk loie tlManaelyeB in the interior of the ground. Snch are the 
nnmeioiis cavitieB of the Julian Alps. It is to similar reservoirs that 
we must attribute thejperiodical disappearance of certain lakes situar 
ted abo\'e ground. There are some caverus in Norway which aiford 
a passage to n^id currents of water, as appears from the sound 
hSaxd uirouffh their too&. It is natural to suppose that many 
streams, findmg no readier outlet, flow into subterranean cavities, are 
ahsorbed hy the earth, or discharge themselves under ground into 
the sea. m this way may be explained the origin of those springs 
of fresh water, that are to be seen spouting up even in the midst 
of the waves of the ocean. The waters thrown up by volcanoes, 
the sudden and terrible inundation of mines, the number of rivers 
which disappear, the mountains which are suddenly engulfed in the 
bosom of new lakes, — ^all these £acts leave no doubt of the existence 
d extensive subterranean cavities, containing largo bodies of water. 
The digging of wells has supplied a tact still more interesting. It 
appears that there are many lakes, or rather sheets of water, which 
extend under grotmd to considerable distances. In digging wells 
near Aix, in France, and in the province of Artois, they always come 
to a clayey bed, which, on being pierced, throws out water in large 
bubbles, and Ibrms permanent springs. There is a district in the 
mterior of Algiers, wnere the inhabitants, after digging to a depth 
of 200 &thoms, invariably come to water, which flows up in such 
abundance that they call it a subterranean sea. This practice has 
now become common, and such wells are called Artesian, from 
Artois. 

Lakes which receive much water, but have no outlet, were long 
believed to communicate with the ocean by subterraneous channels. 
The great distance of some of them from the ocean, seemed to offer 
an obstacle to this supposition, which might have still remained in 
doubt, but for the discovery of the remarkable fuct that some of the 
principal lakes of this description have their surfaces depressed &r 
below the sur&ce of the ocean, as is the case with several formerly 
mentioned. And although the level of such lakes varies with the 
weather, with the abundance or scardty of the waters discharged 
into them by rivers, at particular seasons of the year, they are uni- 
formly far below the sea-leveL 



§ XXXVnL — ^Pbriodical Lakes. 

Periodical lakes are those which are formed by excessive rains, and 
which are again dried up by evaporation or infiltration. They appear 
scarcely worthy of attention. In the temperate zones, indeed, they 
are noihhig hut pools; bu(^ between the tropics, theaft ^jook some- 
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times cover spaces of several hundred miles in lengtli and breadth. 
Such are tiiie famous lakes of Xarages and Paria, sometimes inscribed 
on maps of America, and occasionally expunged. It is probable that 
Africa also contains many of the same kind. If there exist in the 
cavities of the earth, subterraneous lakes of this kind, and if they 
eommunicbte with other lakes that are visible, it is easy to imagine 
that the waters of these last may sometimes entirely disappear by 
sinking down into the basin of the former, in proportion as these dry- 
up. This lower basin again filling itself up anew, its waters spread 
so as to fill the superior basin. I^ in a supposable series of subterra- 
neous cavities, the last link of the chain happen to be a mass of 
subterraneous water, situated at a higher level in the bosom of a 
mountain, the periodical returns of the waters in the visible basin 
may be accompanied by a motion similar to that of spouting fount- 
ains. It is by means of such hydraulic machinery, that nature keeps 
up the wonders of the lake Cirknitz, in Blyria, and in many others 
of the same description. 

By comparing the observations made since 1715, upon the Caspian 
Sea^ we are convinced that this great lake augments and diminishes 
from 30 to 35 feet, according to the abundance of snow and rain in 
the countries from which it receives its waters ; but we see, at the 
tame time, that these changes have no fixed period. The lakes 
which are supplied with water by the melting of the snow, may 
even change their level in the course of the day, according as the 
action of the sun has more or less effect upon the neighboring 
moimtains. It is on this principle that the seiches, or periodical 
risings and fellings of the lake of Geneva, should be explain^ 



§ XXXIX. — Lakes which Rise and Boil. 

The variations and motions of lakes which do not depend upon 
an augmentation of quantity, present very complicated questions. 
That any lakes communicate under ground with the sea, and owe 
their regular tides to such communication, is much to be doubted. 
The eqmlibrium of the atmosphere, deranged by electricity, or by any 
other cause, may occasion water to rise up, by altering tne pressure 
which retains it at its level. 

In Portugal, there is a pool near Beja, in Alentejo, which, by its 
loud noise, indicates a storm. Other lakes appear agitated by the 
disengagement of subterraneous gases, or by winds which blow in 
iome cavern with which the lake communicates. Near Boleslau, in 
Bohemia, a lake of unfathomable depth sometimes in winter emits 
blasts of wind suffidently strong to raise up in the air pieces of ioe 
serejil quintak in weight 
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Two oonsideraUd lakes, Loch Lomond, in Scotland, and Lake 
Wetter, in Sweden, often experience, during the aerenest weather, 
ridient agitations. These are supposed to l^ caused by subterrane- 
ous pentr-up gases. In the Maruie of Brandenburg, the pool of 
Voiestm often commences in fine weather to boil up in whiripools, 
so as to engulph the little boats of the fishermen. Perhaps the 
decomposition dT calcareous stones has an influence upon some of 
these phenomena. 

1 

I § XL. — ^Floatikg Islands. 

When we consider, on one hand, how many inaccessible marshes 
there are, always floating in the water, covered with brush-wood and 
trees, and on the other hand, when we consider those beds of vege- 
tables that are ibund very recently buried in turf-pits, we may form 
an idea of these floating islands, which some geographers represent 
as natural curiosities. They are simply earth of the nature of a 
peat, but very light, sometimes only reeds and roots of trees, inter- 
woven together. Afl«r having been imdermined by the waters, they 
detach themselves from the bank, and from their lightness, and spongy 
nature, and consistency, jdbed to their inconsiderable thickness, they 
remain suspended and £>ating on the sur£EU^ of the waters. 

The delightful Loch Lomond, in Scotland, contains some of these 
floating islands, which are very common in Scotland and Ireland. 
The marshy lakes of Comacchio present a great number. A small 
lake in Artois, near St Omer, is covered with them. Among the 
largest are those in the lake of Gerdau, in Prussia, which furnish 
pasturage for one hundred head of cattle, and that of Lake Wolk, in 
the country of Osnabruck, covered with beautiful elms. 

There are some floating islands whidi appear and disappear 
alternately. The. Lake RiJang, in Smalande, a province of Swe- 
den, is an instance of this kind. It encloses a floating island whidi^ 
from 1696 to 1766, has shown itself ten times, generally in the 
months of September and October. It is 280 feet long, and 220 
lxx)ad. 

Floating islands may have an influence upon the formation of 
some parts of what appear to be alluvial plains. Those which 
Phny and Seneca saw floating in the Lakes of Bolsena and others 
have become fiixed. West Friesland has a subterraneous lake, 
which appears to have been covered with floating islands that 
gradually united together, and ended in forming a soUd crust 
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§ XLL — TsMPERATimE, Depth, and Qualities of the 

Watkr of Lak£s. 

The shade of thick forests or high mouatains may prevent lakes, 
like Loch Winnodi, in Sooiland, from getting rid c^ the perpetual 
ice which covers them either in part or in whole. Other lakes, 
always mflBfed by the winds, or stirred by the rivers they receive, 
and the springs which feed them, brave all the rigors of a cold 
climate. The most extraordinary phenomenon would be to see 
lakes freeze daring summer, and this has been related of some in 
China, ihe cause of which has been sought for in the saline nature 
of the neighbwing ground : but the fa^ appears to have been in- 
sufficiently observed or incorrectly recorded. 

The depth of lakes varies infinitely, and cannot form a subject of 
general physical geography : we will content ourselves merely with 
C(Hitradicting the assertion that there are lakes witliout a bottom. 
"So such lake has ever been discovered ; those which appear to be 
tnch owe their character to currents, which carry along with them 
the lead attached to the sounding line. But there are lakes with 
double bottoms, according to various statements : such are said to 
exist in Sweden, in Jemptia, or Jemptland, and elsewhere. This 
hcX is accounted for by supposing that a crust interwoven with 
loots, sdmilar to the floating islands, may exist at the bottom of a 
Use, and by either rising or sinking, may make the depth vary in 
appearance. The depth of great lakes has seldom been ascertained 
with exactness^ 

There are also inland seas where the level €i the waters 
dbanges with the seasons. For instance, the Baltic and the Black 
Seas swell in the spring from the abundance of water poured into 
them by rivers. These two seas approach nearer than other seas to 
the nature <^ lakes, which have generally a highar level than that 
c( the ocean. 

The depth of some parts of the Caspian seems to exceed 380 
luthoms. In lakes, as in the ocean, the slope of the bank is 
continued downward for a considerable way below the water; 
that is, deep lakes are to be found in mountainous districts, 
and shallow marshy ones, in flatter countries. The depth of Loch 
Ness, in Scotland, is, in some places, 130 &thoms, which is four 
fames the depth of the North Sea; and its bottom is actually 30 
fiithoms below the deepest part of that sea, between the latitudes of 
Dover and Inverness. The Lake of Geneva attains the still greater 
depth of 161 fathoms. Many other lakes are known to be exceedingly 
deep, without the amount being ascertained. Many, no doubt, are 
gradually becoming more shallow from \)^gfi![!L<^ui^ mxlbi mxi^^L^ 
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Hie temperature of the sur&ce of lakes depends upon the climate 
and season ; but at the bottom of deep lakes it undergoes UtUe or 
no change during the year, and approaches to that wliich cor- 
responds to the maximum density of water, wliich is about 39.6°. 
In Loch Catrine, and Loch Lomond, the temperature, at all depths 
below 40 Mhoms, is 41° ; but the mean temperature of the climate 
is 47°. The deep lakes of Thun and Thug, in S\vitzerland, have a 
temperature of 42^ at the depth of 16 fiithoms. Geneva Lake, at 
the bottom, has a temperature of 42° ; that of the Lake Sabatino, 
at Rome, is 44.6° at vie depth of 80 &ithoms. Warm springs may 
in some cases keep up the temperature when they occur at the 
bottom. Deep lakes scarcely ever freeze, except m a very cold 
climate ; because the whole body of water must cool below 40° 
before congelation could commence. Accordingly, neither Loch 
Ness, nor its effluent river of the same name, are ever frozen over. 

The qualities of the waters €i lakes are various, according to the 
nature of the substances with which they may be mixed or con- 
taminated. The principal distinctions in this respect are fresh, 
saline, and alkaline. Lakes which receive much fresh water and 
have a copious efflux, are almost always fresh; but those which 
lose much of their water by evaporation, may be slightly saline, 
especially if the neighboring soil abound in salt. When lakes have 
no outlet) they are invariably saline. To account for this, two rea- 
sons have been assigned : one is, that salt lakes having no ouUet, 
are concentrated portions of the waters of the Deluge, retained by 
the hollows of the earth's sur&ce ; and that all other lakes were 
originally such, and saline ; but that those which are traversed hy 
fresh-water streams have had their salt washed out, and carried to 
the ocean. 

The other opinion is, that the salt in lakes has come from springs, 
or been washed out from the soil of the adjacent country, by means 
of the rain and rivers ; for such lakes are most abundant where the 
soil contains saline matter : and where lakes only lose water by evaup- 
oration, the vapor goes off fresh, and leaves the salt behind. The 
Dead Sea is one of the saltest of all lakes, and appears to have been 
so for upwards of 4,000 years : for in the book of Genesis it is called 
by way of distinction, the " Salt Sea." The waters of this lake are 
in a state of saturation, containing about 8 times as much salt as 
those of the ocean. The salt must be accumulating in beds at its 
bottom : for the river Jordan, wliich is brackish, necessarily carries in 
more, Masses of bitumen frequently float on the surfece, and seem 
to rise from the bottom of the lake. Hence its Greek name Asphal- 
tites, from asphaltos, bitumen. The same thing occurs in other 
Asiatic lakes, some of which are impregnated with borax. In the 
IsloDd of Trwidad, in the West Indiea, theie \& a \si^ "^iVi^^Ssi "^t^ 
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duces an enonnotis quantity of bitumen, fit for naval pnnposes. It 
is three miles in circumference, and the pitch is frequently so hard 
as to sustain men and quadrupeds. 

Some lakes are botn saline and alkaline, as is the case with a 
number of lakes in Lower E^ypt. These are called Natron lakes, 
from their abounding in soda, which is there called trona and 
natron, the nitre of the sacred writings. 



§ XLIL — ^Disappearance and Formation op Lakes. 

Lakes appear to have been much more numerous at a former 
period than at present, and to have occupied a large proportion of 
the sur&ce of the land. Traces of their existence occur everywhere. 
Many of them have been filled up with debris, and become level 

Slains, traversed by a river. Some have been drained by the gradual 
eepening of their outlets, or both causes have operated together. 
Others have been drained by cracks caused by earthquakes, or by 
the subsiding of part of their basin. The whole kingdom of Hun- 
gary is supposed to have been originally the basin of a lake. 

There are several modes in which new lakes may be formed. 
When a mountain fidls asunder, it often happens that it stops up a 
neighboring river and valley, and forms a lake. But the water of a 
liver, obstructed in this manner, will always overflow, and can scarcely 
fidl to regain its former level, either by wearing away a cut for itself 
above, or by imdermining the ruins beneath. Shallow, marshy 
lakes are often formed by the surplus waters of rivers, detained on 
flat ground by an accumulation of mud. Ice and snow sometimes 
accumulate in narrow passes between mountains, so as to obstruct 
and make the water stagnant, and form a temporary lake, increasing 
p^haps for years, till at length the pressure of the water is aug- 
mented to such a degree as to burst the icy barrier. So great a 
discharge of water and ice, precipitated firom mountains, tears up 
not only alluvial substances, but firequcntly, pdrtions of rocks, which 
are scattered over the plain below. Thus, villages and fertile fielda 
are almost instantly converted into deep hollows and heaps of rub- 
bish. These cavities, perhaps, continue filled with water, forming 
■mall lakes. 



§ XLin. — Properties op Various Kinds* op Water. 

Water is never found perfectly pure in nature, owing to its very 
^^Dg and extensive power of dissolving other substances. It possesses 
wjH-operty o£ absorbing the afcmospheiie «r, oi i»\fi«aQ.*\\» ^gavst^ 
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holds in solution -gV o^ i^ weight But as it absorbs oxygen more 
readily than hydrogen, the air it contains is richer in oxygen than 
common atmospheric air. Fish consume a great deal of this oxygen : 
hence, they perish when the water has been deprived of it But in 
gj^noral, as they consume it, the water absorbs more from the atmos- 
phere ; and this process is facilitated by the movements of the water. 

R:Tin water is the purest found in nature : but, besides atmospheric 
air, it cont'uns carbonic acid, and a small portion of ammoniacal 
salt, even when most pure. Perfectly pure water is obtained by 
carefully boiling and distilling rain water. 

The waters of marshes, pools, and all stagnant waters, are un- 
wholesome, because they dissolve carbureted hydrogen, nitrogen, 
and hydrogen gases, arising from the decomposition of plants, in- 
sects, and fish. 

The water of hills and mountains differs in its quality, according 
as it filters through banks of quartz or clayey rock, from which it 
derives no property whatever, or as it traverses ground which is 
marly, calcareous, gypseous, or impregnated with magnesia, salt, or 
bitumen. The former kinds are always wholesome: but the last 
kini is generally much mixed with heterogeneous substances, and is 
generally hard and turbid, and sometimes unwholesome. Although 
Qiose waters which have clayey bottoms are wholes<Mne, yet those 
which flow through hard rock are more pure and limpid, as they 
un lergo a process of filtration in flowing through the stony soil. 

The waters of lakes, being derived from springs and rivers, partake 
of their different qualities. There are some lakes whose waters are 
extremely limpid, such as Geneva, in Switzerland, and Wetter, in 
Sweden. In the latter, it is said, a farthing coin may be perceived 
at the bottom of the lake, at 120 feet depth. But the waters of 
lakes which are motionless, or saline, or bituminous, may be regarded 
as equally unwholesome with those of marshes. 

The waters of rivers contain some very heterogeneous elements, 
which seem necessarily to counteract each other ; and it is, perhaps, 
as much owing to this reciprocal destruction of pernicious prmciples, 
as to continual motion, that river water is so generally serviceable to 
the wants of man, and supports the freshness and purity of the at- 
mosphere, wherever it flows. It often, however, forms a sediment 
of ^avel and mud. 

Well water, by remaining too long motionless, is apt to acquire the 
bad qualities of stagnant waters, in certain circumstances ; but it is 
generally wholesome. 

Snow and ice water have been charged with producing goitres^ or 
swelled neck : but this cannot be so ; for there are many localities 
where they are freely usQdf without any caae ot \ka.\, ^is^-asft \5fc\s^ 
known. The only objection to such wateis ia iibfiit gc^\» ^^<is&* 

4 
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Mineral waters are those which are combined with certain sub- 
stances of the mineral kingdom, in a quantity sufficient to impart to 
them both taste and color ; the absence of which properties consti- 
tutes the chief characteristic of fresh water. 

Acids easily combine with water, but they are as rapidly incorpo- 
rated with any saline, earthy, or metallic substance ; so that acidu- 
lated waters seldom contain free, unmixed acid The Spring of 
Latera, however, 32 miles from Viterbo, and that of Selvena, 46 
miles from Sienna, are produced as examples in which free sulphuric 
add is combined with water. The Lakes of Cherchiiio, of Castel 
Nuova, and Monte Rotondo, also in Italy, present free boracic 
add. 

The addulated ferruginous waters, or chalybeates, are the most 
common. There are some hundreds in France and Germany. The 
acid in these is combined with ferruginous ochre ; and they frequently 
contain magnesia, Glauber salts, vegetable alkali, and hydrochlorate 
of soda ; but the simple chalybeate are the most common. Those 
of Passy contain green vitriol, or sulphate of iron, and become 
black with astringent vegetables. Bitter waters are charged with 
sulphate of magnesia. Such are those of Seidlitz and Epsom. The 
Steppes of Siberia, to the north-east of the Caspian Sea, have a num- 
ber of lakes of this kind. They almost form a chain from tlie Kuma 
and Bas Volga, reaching from thence beyond the Yenisei. Near 
these pools there are some which contain alkali, or carbonate of soda. 
In the plains of Hungary, the same abundance of bitter waters is 
found. Perhaps this is a property common to all tbe basins of the 
andent Mediterranean Seas. 

The fbrmation of the acidulated waters, is one of those daily 
operations of nature which has been subjected to the scrutmy 
of science. Running waters find in the bosom of the earth 
acidiferous substances, the acid of which either is disengaged by their 
affinity for the water, or by stronger adds mingling with weaker ones, 
and causing fermentation. This chemical process is perpetually re- 
newed, lime, which contains f of its weight of carbonic acid, sup- 
pHes in abimdance, mineral waters with this acid, which constitutes 
their general basis. Sulphuric acid is disengaged from pyrites, which 
are widely distributed over the earth. Waters impregnated with this 
acid will dissolve iron, lime, magnesia, and many other substances. 

Mineral waters do not remain in that state in which a first chem- 
ical operation placed them ; for, in their course through the earth 
they sometimes meet with a salt, and sometimes with an add ; and 
these different substances, by unitinf^, separating, or changing, accord- 
ing to their affinities, with the basis of mineral waters, communicate 
guaiities to them which serve to vary thdr chemical and medical 
luUtuG. 
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Without mentioiiiiig those sulphurous waters, or carbonic iamm 
which arise hom. several waters, it appears certain, that there are sev- 
eral sraings impregnated with mercunal and arsenical vapors. Hap- 
pily taese fiightful labcxratories, in which nature sustains a poisonous 
diaracter, are generally buried under large masses of rock ; and the 
rarity and insolubility ci arsenic render arsenical springs very un- 
common. 

Metallic waters are those in which minute particles of metal are 
suspended, and which, not being combined with the fluid, are gradu- 
ally deposited. Besides the common cementatory waters, as they 
are termed, which yield iron and copper, some are mentioned 
which have formed a deposit of argentiferous lead, in a mine of 
Eonigsberg. The auriferous rivers do not even retain the particles 
in suspension ; they roll along grains of gold detadbed fix)m some 
rock. These waters are not mineral in the proper sense of the word. 

Salt, or muriated waters, are perhaps the most common of all ; 
but they rarely exist in a state of perfect purity. They occur in 
abundance along the Carpathian and Urauan mountains, and in 
general in the zone comprised between the parallels of 50^ and 
80° north latitude. More to the north they are hardly ever found ; 
further to the south crystallized salt abounds in certain regions, as 
in the great desert of A&ica, but we find only a few salt springs 
there. It is also in the north temperate zone that salt lakes are 
most abundant The central part of Asia has a vast number of 
them. The origin of such lakes has been already explained. 

There are some waters which are capable of taking fire without 
being hot. Somethnes they contain hydrogen gas, disengaged 
from mines of iron, zinc, and tin, dissolved by the hydrochloric and 
sulphuric acids. Such are the fountains of Porretta Nuova, Bari- 
gazo, and others. Such is the rivulet near Bergerac, which can be 
set fire to vrith lighted straw. Sometimes these waters are mixed 
with pitch, or bitumen, especially with naphtha and rock oil, which 
in general float on the surface, and bum in the depths of the water : 
this is seen at Bakou, and in several places in Persia. The burning 
lake of Iceland appears to belong to the first class ; and it is not 
improbable that it may have sometimes taken fire spontaneously. 

Incrusting waters ought to be carefully distinguished firom those 
possessed of a petrifying quality. These last, charged with siliceous 
particles extremely minute, penetrate the pores of wood and other 
substances, and substitute for the elements of these bodies other 
crystallized elements arranged in the same manner. This property 
shows itself stronger than anywhere else in Lough Neagh, in Ire- 
land, and in some few springs ; but most hard waters possess it in a 
certain degree. The Danube and the Pregel petrify, in the course 
of some ag^ stakes which ste pUunted im their watenL 
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Incnusting waters act in a more evident manner, by depositing 
Hke a crust the earthy particles with which they are loaded. Of 
these we have examples in the spring of Guancavelica, which, by 
depositing calcareous sediments, furnishes the rough stones of wlii<ai 
the neighboring towns are built, — ^the beautiftd mbaster formed by 
the baths of Sao Phillipe, in TiBcany, — ^the deposits known by the 
name of Sugar Plumbs of Tivoli, and the magnificent basin formed by 
the springs of Carlsbad. This quality of incrustation is most com- 
mon in hot springs ; but it is found also in several cold springs. 
The ordinaiy aeposits consist of calcareous tufe or sand-stone, lie 
C^ysers of Iceland deposit a siliceous tu^ . 

§ XLIV. — ^Dbstroyino Effects of Water. 

Water is a very active agent in altering and variously modifying 
the surface of the earth, and its energy is increased when it carries 
along with it mechanical matter, such as sand, gravel, etc., and par- 
ticularly, when it is aided by the gnawing influence of the atmos- 
phere. Through these agents the whole surface of the dry land is 
Kept, more or less, in a state of motion, by their breaking up the 
strata, and removing, with greater or less rapidity, the broken rocky 
matters, from point to point, and often into lakes and seas. 

Water destroys both mechanically and chemically. It destroy 
mechanically, when it removes part of the soil or broken rocky mat- 
ter over whidi it passes, or corrodes the channel in which it flows, or 
the reservoirs in which it is contained ; it also destroys mechanically, 
when, on being imbibed by rocks, it increases their weight, and thus 
&vor8 their rending, slipping, or overturning ; and lastiy, it destroys 
mechanically, when, by freezing in fissures, it breaks up mountain 
masses and rocks. It destroys chemically, when it dissolves particu- 
lar mineral substances, as rock-salt, out of the rocks through which 
it percolates. 

Kunning waters, in their course from the higher to the lower parts 
of a country, carry along with them the debris already prepared by 
the action of the weather on exposed rocks, and also more or less 
considerable portions of the strata of the basin in which they flow. 
The <j[uantity of abraded matter depends in a great degree on the 
quantity c^ sand, or gravel, that the river carries along with it ; for 
running water, when pure, acte but slowly on compact strata, and 
displays its scooping or excavating power, only when carrying along 
witn it sand, gravel, and such other matters, which communicate to 
it a mechanical destroying action. As the velocity of the river di- 
mmisbes, Its carrying power diminishes ; and, frwjyiMjjtly, lone before 
i^ i&d9 ivooftdd the water iD*o whkh it^dhf^^ 
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fine mnd, leaving the gravel and larger solid maBses in the higher 
parts of its course. The transporting power of water is much greater 
than many are aware of It is strikingly shown by the enormous 
quantities of rubbish, and great blocks of stone, which are swept 
away by riTulets during floods. This transporting power is materi- 
aUy assisted by the weight of the rocks, when immersed in the water, 
being diminished from one third to one half. The transporting of 
heavy stones by water, in situations where ice occurs, is assisted by 
the ice, which adheres to them, and which greatly diminishes the 
^( specific gravity of the mass. 

The influence of lakes is visible in the beaches on the margin of 
many of them, formed of the broken fragments of the neighboring 
rocks. It is still more palpable in the great changes in the neighbor- 
ing country, occasioned by the bursting of lakes. 

The waters of the ocean exercise a powerful destroying efkd on 
coasts. K the coasts are bold and rugged, they are violently as- 
saulted by the waves of the ocean ; the crags and clif& tumble down, 
after being split in frightful and irregular succession. The perforated 
rock of Doreholm, on the west coast of Shetland ; the perforated 
rocks described by Captain Cook, near New Zealand ; tne Stalks, 
Holms, and Skemes, on the coasts of Shetland, Norway, and Scot- 
land, are effects of the destroying power of the waves of the ocean, 
comoined with the gnawing action of the weather. 

On those rocky coasts where the strata are of unequal hardness, 
the softer portions, and also part of the surrounding harder mass, 
are removed by the action of the waves, and thus sea caves are 
formed. The waters of the ocean also frequently cause dreadful rav- 
ages in the low countries exposed to their fury. Holland furnishes 
many striking examples of its devastating power. In the year 1225, 
the waters of the ocean, agitated by a violent tempest, inundated the 
country. The Rhine, swollen at the same time by extraordinary 
floods, and retained at a great height, partly by the waters of the 
ocean, and partly by the wind blowing in a contrary direction to its 
course, spread over the neighboring country ; but the tempest having 
suddenly subsided, the highly elevated waters retired, and with such 
force and velocity, that they carried with them considerable portions 
of the soil, and left in its place the sea called the Zuyder Zee. In 
tlie year 1421, a great inundation submerged the southern part of 
the Province of Holland, drowned 60,000 persons, and then retired, 
leaving the Bies Boos. 

The agitations of the sea sometimes reach to a depth of upwards 

of 200 feet ; and the power of the ocean, far below its surface, is so 

great as to break rocks in pieces, and throw them upon the coasts in 

masses of raiious sizes and forms. Some drift atones of lar^ di- 

mensjone^ measnnng upwards of 80 cubic feet, ot mot^ \!K:iaai^ \«st& 
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weighty have been often thrown itom deep water upon the Bell Rock, 
on me eastern coast of Scotland. These large bowlder stones are so 
^miliar to the keepers of the light-house erected on the rock, as to 
be termed by them, travellers. 

The currents that traverse the ocean, Hke rivers on dry land, prob- 
ably scoop out beds for themselves, and carry away, often to distant 
places, great quantities of abraded matter. The Gulf Stream, and 
other branches of the great equinoctial current, may act powerfully 
in this way ; and the same may be the case with the currents in our 
own seas, and those that enter inland seas, and wind round them, as 
the Baltic and Mediterranean. 

Water, by its own weight, contributes very much to the degrada- 
tion of the sur&ce of the globe. Sometimes great masses of rock, 
especially those of a soft and porous nature, imbibe much water, by 
which their weight is increased, and thus occasions breaking and 
slipping of masses, often of enormous magnitude. Clay beds some- 
times become soft by the filtering through of rain or snow water, 
from the overlying rocks. When these rocks thus lose their support, 
the day and superimposed rocks are inclined at a considerable angle ; 
the rocks, in great masses, separate and slide down into the lower 
part of the country. The Mi of the Rossberg, in Switzerland, in 
September, 1802, may be mentioned as an example of this phenom- 
enon. This mountain is 5,193 feet high, and lies opposite to the 
Eigibeig, which rises 6,182 feet above the sea. The Rossberg is 
composed of soft greenstone with beds of clay, and all inclined at an 
angle of 45° to 50°. It is said that the clay in some of the beds 
was much softened by the percolating water, and the thick superin- 
cumbent beds of greenstone, in this way losing their support, were 
separated from the inclined soft surface below, and slid into the valley 
underneath them. This landslip of debris and mud overwhelmed 
several villages, and destroyed from 800 to 900 persons. In 1714, 
the west side of the Diablerets, in Switzerland, separated, and in its 
course downwards, covered the neighboring country with its ruins, for 
two miles in length and breadth ; and the immense blocks of stones 
and heaps of rubbish interrupted the course of the rivers ; and lakes 
were thus formed. In 1618, the once considerable town of Pleurs, 
in the Orisons, with the neighboring village of Ichelano, were over- 
whelmed by a vast mass of rock, which had imbibed much water, 
and separated itself from the south side of the Mountain of Corto. 

In those re^ons of the earth where the freezing and thawing of 
water take place, the expansive and destroying action of freezing 
water is often displayed on a great scale. In the history of northern 
countries, we read many accounts of the noises and ren<£ngs of rocks, 
occasioDed by the expansion of water during its freezing in their fis- 
sium, Terzible disasten sometiineB take ]^aci^ 'm M^^sa «^'<»i&aD«s 
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by the banthig and ML of great masses of rotky split in pieces hy 
the freeadng of the water in its clefts. 

Water in the form of ice causes considerate changes on the snr- 
^e of the earth. Thus, when floated along in great masses hj 
rivers, it breaks up their banks, and thus affords them an opportunity 
of devastating the lower country ; and the masses are often so great, 
that enormous heaps of rocks are thereby torn ofi^ and carried to a 
distance. When sea ice is drifted against the cli£fe and precipices 
along the coast, the breaking and destruction it occasions almost sur- 
pass belief. 

To break, destroy, and move large masses of rock, one of the most 
powerful ^[igines employed by nature, is glaciers. These masses of 
congealed water and snow, in their course downward, push before 
them enormous quantities of earth and broken rocky matter, which 
form those great mounds, named moraines, of whidb we have for- 
merly spoken. 

Water generally enters into the Assures of rocks in a rather pure 
state ; but it issues forth again more or less impregnated ¥rith min- 
eral matters of various kinds, taken up from the substances through 
which it has passed. The most abundant substance brought out in 
this way, from the interior of the crust of the earth, is lime, which is 
deposited from these calcareous waters in the form of tufiii, which is a 
porous limestone, with an earthy matter mixed in it Many of the 
excavations in limestone are partly owing to this destrojring effect of 
water. Spring water, in passing through beds of gypsum and rock- 
salt, dissolves a portion of these minerals, and in this way occasi<His 
considerable changes in the interior, and even on the suiface of the 
earth, by the yielding of the rocks over the hollows formed by the 
removal of the salt and gypsum. 



§ XLV. — ^FoRMiNO Effects of Water. 

Springs bring from the interior of the earth, muddy matter of 
various descriptions : and in the course of time, hillocks, and even 
hills of considerable magnitude, are thus formed. 

When lakes are filled up, or are emptied, we find the space for- 
merly occupied by them covered, to a greater or less depth, with the 
allu^al matter brought into them by the streams which flow into 
them. When lakes burst their barriers at different times, they leave 
on their sides a series of natural terraces, or platforms, of which we 
have a splendid example in Glen Roy. In this valley these terraces 
are known by the name of Parallel Roads of Glen Roy ; because 
some supposed that they were not natural arrangements, but roads 
keana^ by the ancient inhabitants. 
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When rivers are in a state of flood they often overflow their banl 
and cover the neighbormg country with their waters. Thus t" 
Ganges, near its mouth, in the rainy season, overflows the counti 
to a breadth of one hundred miles, and a depth of nearly twel 
feet. And the Indus, diuring the period of inundation, extends thii 
or forty miles from its banks. • This flood carries with it muddy ai 
other matters, and deposits them upon the land. It is said, that t 
annual floods of the Nile have raised the surfisice of Upper Egy 
about six feet, four inches, since the commencement of the Ohristi 
era, or four inches in a century. In other countries, extensive c 
posits, extending along the sides of rivers, are formed by the ov< 
flowing of their waters. Where rivers enter lakes and the sea, th 
form triangular pieces of land, called deltas, from the resemblance 
their form to the Greek letter D, which they called delta. 

These deltas are more strongly marked in lakes than in inland se^ 
and in these seas more than in the ocean, where the depositions a 
much interrupted by currents. The most £unous delta mentioned 
history, is that of ike Nile, which has been considerably enlarg 
since the time of Herodotus, but not to the extent stated by ma: 
writers. At no great distance from the shore of the Delta, the dep 
of the Mediterranean is about 72 feet ; and further out, the sea suddei 
deepens to 2,000 feet, which may be considered to be the orimi 
depth of this part of the Mediterranean. The deltas of other nv< 
exhibit phenomena similar to those of the Delta of Egypt, and ' 
their considerable extent, and annual increase, furnish ample proof 
the forming power of rivers. That of the Niger is 300 miles loi 
and 170 nules broad. The delta of the Ganges runs 200 miles aloi 
the coast, and 220 mUes up from its present mouth. 

The allu\ial matter brought down by rivers, not only forms gre 
tracts of land at their mouths, but also, through the agency of ci 
rents, assisted by the waves of the ocean, gives rise to extensi 
tracts of low and flat land, which extends along the coasts. Witl 
the last 2,000 years, a tract 100 miles long by 18 broad, has be 
formed along the Italian coast, round the mourn of the Po. 

When the sea coast is low, and the bottom light sand, the wa\ 
push this towards the shore, where, at every reflux of the tide, 
becomes partially dried, and the winds, which often blow from tl 
sea, drift' up some portions of it upon the beach. By this formii 
action of the ocean, sandy flats and downs, or ranges of sand hills, s 
formed along the coasts. When this sand is moved about by t 
wind, it forms what is called the sand flood. Westward from t 
mouth of the River Findhom, in Scotland, a district consisting < 
upwards of ten square miles of land, which, owing to its fertiUl 
was once named the granary of Moray, has been depopulated, ai 
rendered utterly unprt^uctive by the wad fk)od,^\Qd3L'W ^RSKra^ 
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it into a banen waste. The sand hills of Barry, at the mouth of the 
Tay, composed of blown sand, are from 200 to 300 feet high. 

These barriers sometimes give way, when the tract is again, for a 
time, covered with the sea ; a new barrier again rises, and the soa is 
again excluded. These operations, on a great scale, would afford 
a&emationa <^ productions of the land and the sea. The sands of 
the African d^erts may be sea sands, or land sands, or both to- 
g^her. 

The bed ci the German Ocean supports many of those sandy no- 
comulations called sand banks, or simply banks. One of these, 
called the Dogger Bank, extends north and south for upards of 350 
nules. Its average height is estimated at about 78 feet Various 
shoals in this sea are laid down in charts. Such banks are estimated 
to cover one fifth of the whole area of the North Sea, and they are 
all supposed to owe their origin to the action of currents and tides. 
There can be little doubt, also, that the Newfoundland Banks have 
been produced by the deposits of the Gulf Stream. 

Springs, in many cases, after dissolving calcareous matter abraded 
from limiestone rocks, allow the limestone to crystallize, in conso* 
qoence of the escape of the carbonic acid, by means of which they 
held it in solution, and in this way form depositions of calcareous 
nnter, or alabaster, on the roofe, sides, and floors of caves ; or fill up 
fissures in rocks, and form veins ; or if they flow over the sur&ce 
of rocks, they fixm beds of calcareous sinter or tu&. These beds 
sometimes extend very fiir, with a thickness of 200 or 300 feet 

The water of such springs, when collected into hollows, so as to 
form lakes, often deposits vast quantities of calcareous tufa and 
sinter ;* and hence, such lakes, when emptied, present extensive cal- 
careous deposits. The travertine employed at Home for building, is 
a lake or spring deposit of sinter and tu^Ei. The town of Guanca- 
velica, in South America, is built of a compact calcareous tufii, from 
the calcareous springs in the neighborhood. In the mountain lime- 
stone districts m Elngland, and also in the Lias districts, both in 
England and Scotland, the roo&, walls, and floors of the caves are 
oft^ el^antly ornamented by numerous varieties of calcareous 
sinter, wmch form complete columns of various fantastic shapes. 

In the marshes of the great plain of the vast circular valley of 
Hungary, there is a constant deposition of horizontal layers of calca- 
reous tu£8k and sinter, which are so hard as to be fit for building ; 
and all the houses of Czelea are constructed of these minerals. 

The pea-stone, a beautiful calcareous carbonate, is formed abund- 
antly firom the waters of calcareous hot springs, such as those of 

* If the matter deposited ia li^t and porous, it is termed tufa one Hf[\ M iS 
is amuaigedia solid, coooeatnc layers, it rorms ainter. 

4* 
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Carlsbad. As tliese calcareous springs often flow into riyers, a vast 
quantity of carbonate of lime may thus reach the ocean, where it 
will be deposited in the various forms of sinter, tufa, and common 
limestone. The Geysers of Iceland, and those of St Michael's, in 
the Azores, deposit on the dry land vast quantities of siliceous sinter, 
a mineral which differs little from opaL The deposit aroimd the 
Geysers is one mile in diameter, and 12 miks thick. In the Azores, 
the deposit is sometimes 30 feet high. Such springs also pour theii 
waters into the ocean, and even rise from the bottom of the sea, 
sometimes with such force as to jet above the sur&ce. Their silica 
B deposited on the submarine land in various forms and states, 
according to drcimistances. 

Bog iron ore is often found in such situations as to show that it 
has been deposited from the waters of lakes ; and in some countaieg 
it is collected from the sides and bottoms of lakes at r^ular inter- 
vals, thus showing that it is still forming in such situations. It ifl 
also well known tiiat in salt lakes extensive deposits of salt occur. 

Collections of entire and broken sea shells and corals are some- 
times found agglutinated by calcareous, clayey, or fem^nous mat- 
ters, forming banks or beos of considerable extent Beds of Hik 
kind, particularly those formed of shells, are met with in man;^ 
parts of England. 

In the West Indies, a solid conglomerate of shells and corals lines 
a considerable extent of coast on several of the islands. The cele- 
brated human skeleton from the Island of Guadaloupe, now in the 
British Museum, was found imbedded in a rock of this description. 



DIVISION SECOND. 

GEOGNOSY, OR DESCRIPTION OP THE GENERAL 

STRUCTURE, CONFIGURATION, AND NATURAL 

DIVISIONS OP THE LAND. 



§ L — Gekbbal Distribution and Aspbot of the Land. 

The land is arranged into masses of yarious magnitudes and 
fomis. It is not eqnafiy distributed, for a much larger portion of it 
oociUB to the n(xrth than to the south of the equator. About the 
middle of the last century, it was asserted that a great continent 
must exist towards the South Pole, in order to counterbalance the 
mass of land in the northern hemisphere ; and accordingly Lieut 
Wilkes, of the United States Exploring Expedition, recently dis- 
covered what is considered an antarctic continent ; but its extent is 
unknown, and will probably long continue so. 

Li February, 1819, land was discovered by William Smith, com- 
mander of an English brig, when the ship was in latitude 62° 40' 
south, longitude 60° west. He traced the coast for 250 miles. 
This land is probably part of the continent. Although a southern 
continent has been discovered, the theories which led former geogra- 
phers to expect it are demonstrably futile. There is no necessity 
whatever for land to produce an equilibrium, as the water wouldy 
under the influence of gravitation, always bsdance itself however 
the dry land happened to be distributed. The particular mode of 
this distribution could only Bfkd the form of the globe, and that 
only very slightly. 

Two grand divisions of the land are named Worlds, viz. : the Old 
World and the J^ew World. The Old World, otherwise called the 
JEastem Continent^ extends from south-west to north-east, and com- 
prehaids the three sub-continents of Europe^ Asia, and Africa, The 
New Worid, or Western Continent, extends from north to south, and 
Comprehends the sub-continents of North and South America. 

1m general direction of IJie land in the two WotlSa,^ dc&iffit!&.. 
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In the Old, it is almost parallel with the equator : while in the New, 
it is perpendicular to the equator. The longest straight line that can 
be drawn in the Old World, b^ns on the western coast of Africa, 
from about Cape Verd, and extends to Bhering's Strait, on the 
north-east coast of Asia. This line is about 11,000 mile^ in length. 
A similar line, traced along tiie New World, from the Strait of Ma- 
gellan to the nmihem shores of North America, measures 9,000 
miles. The New World runs much frirther north than the old, and 
its frigid parts are comparatively much more extensive, while its 
torrid r^ons are much less. The difference in the climates of the 
two Worlds, seems to depend upon this fact. 

The peculiarities of the isthmuses that divide each continent into 
two very unequal parts are quite striking, that of Suez being com- 
posed entirely of sand, while that of Panama is formed by rocks of 
granite and porphjny. The Old and New Worlds resemble each 
other in several respects. Thus, seas and bays are distributed all 
over the coasts of Europe and Asia, while Africa is not penetrated 
by a single one ; in the New, there are innumerable bays and gul& 
on the eastern side, while on the west we find only the Gulf of Cali- 
fornia. Both Worlds are divided into two parts, joined by an isthmus ; 
both have an archipelago on the eastern side, and their peninsulas all 
taper to the south. 

Besides the Old and New Worlds above described, there oocnr, 
dispersed through the ocean, numerous smaller masses of land, form- 
ing islands of various magnitudes and forms. Those islands situated 
near the continents, are considered as belonging to them. Thus, the 
British Isles belong to Europe, those of Japan to Asia, the West 
India Islands to America, and Madagascar to Africa. But, besides 
these, there are other islands or groups of islands, situated at a dis- 
tance from continents, and which cannot be referred to any of the 
preceding divisions. These are all included under one grand division, 
and arranged into the three sub-divisions mentioned m our aooount 
of the oceans. 

The surface of the land presents great variety in aspect, forming 
mountains, hills, valleys, and plains. The most general of these 
features, are what the gec^aphers term highland and lowland. 
Highlands are lofty, uneven, and widely-extended masses of land ; 
thus the mountainous tract of country, extending fix)m the Naze of 
Norway to the North Cape, is a highland. Lowlands are widely- 
extended, low, and flat countries ; thus the northern part of France, 
the Netherlands, Holland, part of Oermany and Silesia, Poland and 
EuropTjan Russia, form what may be called the great European low- 
lands. 

In a highland, the central parts are generally the most rugged and 
lofty, while the exterior distncts, those which border on the k>wk&d| 
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an lower and km ragged. The oentral part is named Alpine; the 
lower, and the exterior part, hUly. The Alpine part of a highland 
is composed of a cental and lofty chain, named the Central^ or Sigh 
Mountain Ckainy towards which there tend a greater or less nnmber 
of lateral or prindpal ; and from these, i^ain, diverge suhardinate 
chains. The High Mountain Ghain forms the watershed of the 
district ; and the noUows that traverse the upper part of this chain, 
are called pasees. On passing from one side to another (^ the 
Alpne land, we do not always travel through a pass, but sometimes 
cross a comparatively flat tract of country, many leagues in extent ; 
soch as these are named table-lands. In crossing from Norway to 
Sweden, we pass, in some parts, across a table-land ; and also in 
travellii)^ frt»n Vera Cruz to Acapulco, by Mexico. The inclined 
planes on which the lateral or principal and subOTdinate chains are 
distributed, are named Hie acclwities of the highland. The hollows 
that separate these chains from each other, are oilled valley 8. Those 
vall^ bounded by prindpal chains of mountains, are called principal 
yalleins ; while thode that lie between subordinate chains, are caUed 
evbordinaie valleys. The hilly or lower part of the lughlands, is 
o(»nposed of comparatively low and less rugged chains, caSed cluune 
ef kUUj which are irregularly grouped, being entirely without a high 
mountain chain. The valleys in this hilty land are shorter, less 
steep, and not so rugged, as in the Alpine or more central part of 
the nigfaland. 

Lowland is formed entirdk-of extensive plains, little elevated above 
the level of the sea, in which we occasionally observe gentle risinsB 
and tmdulatxms of the surfikce, that often extend to a considen^ 
distance, and sometimes form the limits between ndghboring rivers. 
Now and then, conical and taUe-shaped hills rise up sirgly and sud- 
denly, as is the case with volcanic and igneous hills, 'me plains of 
lowland are characterized by the presence of particular hollows or 
ooncavities, whidi are named river courses or river valleys^ because 
in these rivers flow. In such hollows, we distinguish the bed or 
channel of the river, and the holm or bottom land. We also fre- 
quently distinguish the high and law banks of the river, and the 
rawineM or sm^ valleys, bounded by the high banks. There is stall 
anothitf kind of hollow, met with in the lowmd; it is that in wfaidi 
shallow or inconstant lakes are contained. 



I 



§ n. — Ck>A0TS AKD OaYBS. 

Tlie margin of the land, where it meists the waters rf the ocean, 
is called l^ the general name of coast. It varies in its aspect 
flometimes it is low and sbelvingy and then the v/Afjflkaas% ytt^ ^ 
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shallow to a considerable distance ; at other tunes, it is steep, lofty, 
and rugged, and then the sea is deep. In many parts, the coast is 
low and sandy, and the sand is occasionally blown into hills, oi which 
we have spoken above. 

Some shores are broken and steep. This happens when a mass 
of rock extends, either beneath or above the sur£ioe of the soil, quite 
to the water, as in Gallida, in Bretagne, in Norway, and in Soot- 
land. Of these some are abrupt and broken, consisting of various 
masses of rock united at their bases, either above or beneath the 
Bur&ce of the water. These rocks often form clusters of islands, 
which surround the coasts. Such are the " garden of the king," 
and " garden of the queen," in Cuba ; — ^the Archipelago of Mergui, 
in Indm ; — ^the coasts of New South Wales, — ^and the Skiergord of 
Norway and Sweden. This class owes its peculiarities to the presence 
of either primary rocks or of coral ree&. Some shores again are 
equally steep above and below the sur^Eice of the water, leaving the 
sea itself quite free ; these are, strictly speaking, the '' steep coasts." 
Such frequently are those of the Mediterranean and Black Sea. 
Those of Dalmatia, and some parts of the Grecian Archipelago, 
more properly belong to the former division. 

On the side of the Pacific Ocean, the American coast is imiformly 
steep from Cape Horn to Bhering's Straits, forming the longest 
continuation of steep shores upon the gbbe. Mariners call a coast 
hold or blujf, when it meets the ocean with a rapid dedivity, and 
clear, when it is not bristled with rocks. 

Low coasts are formed by land of a softer quality, approachii^ 
the water by a gentle and gradual slope. These may be classed 
into coasts formed by hills, and flat coasts formed by sands and 
substances which the sea has deposited. These appear under the 
form of sandy or marshy plains, and extend a long way into the 
sea, leaving the water more or less shallow. They are, however, of 
various kinds, sometimes consisting of the sides of low hills round 
which the sea has collected masses of sand, which are either fixed 
or shifting, and sometimes of a sort of downs formed by the sea, to- 
gether with soil deposited by large rivers, as in Holland, in Egypt, 
and at the mouth of the Mississippi. A collection of slimy matter 
is also sometimes formed by the ocean, as in the flat and flooded 
lands, on the shores of French Guiana. The low coasts ace some- 
times exposed without any natural rampart, to all the fury of the 
waves, and then it is hard to determine whether they constitute a 
part of the land or of the sea. Others are secured by a chain of 
downs that are fixed and mingled with rocks, like those of North 
Jutland. It was only by a skilful and persevering imitation of 
tbeae natural harriera^ that the Dutch recovered the soil of theb 
ctyun^y ^m the empire of -the oceaiu 
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Tliere are cavities of greater or less extent, which are either open 
to the light of day, in which case they are named external or open 
caves, or they are more or less concealed in the interior of the rocks 
in which they bxq contained, forming what are named interned caves. 
Both kinds are found most frequently in limestone rocks. 



§ m. — ^Table-lands, or Plateaus. 

We must distinguish mountains from table-lands, or plateaus^ 
which consist of great masses of elevated land, c(»nmonly forming 
the centre of continents or of islands, but the sides of which are long 
and extended, and with but little apparent declivity. A plateau 
may have upon its elevated sur&ce, moimtains, plains, and vallejrs. 
They are generally rather level ; but some of them are sufficiently 
inclined to allow the waters which accumulate upon them, to flow 
down. There are others which preserve the same level throughout a 
great extent, and where the rivers do not find any outlet Some 
plateaus of the latter sort are met with in Europe, but they are all 
of small dimensions. The larger plateaus are foimd in Tartary, 
Persia, Central Africa, and above all, South America, where, in the 
vicinity of the Andes, the pampas form one of the most striking 
and beautiful features of the country. 

The declivities of table-lands present to the inhabitants of the low 
countries at their base, the appearance of a long chain of mountains. 
The whole of Central Africa is supposed to be a vast table-land, 
deseeding by successive terraces, towards the coast, on all sides. 
The intericHT of Asia is composed of a succession of these lofty plains, 
of which we shall mention the most remarkable. The Persian 
table-land comprises nearly all the country south of the Caspian and 
Black Seas, from Asia Minor to the Indus, including Armenia, 
Georgia, Curdistan, Persia, and Afghanistan. This region is from 
2^00 to 6,000 feet above the sea, with an area of 1,700,000 square 
miles. The great table-land of Thibet is from 4,000 to 17,000 feet 
high, vrith an area of 7,000,000 square miles. 

The central part of Spain is a lofty table-land of about 2,200 feet 
In height, with an area of 90,000 square miles. Between the Alps 
and the Jura is the Swiss table-land, about 3,500 feet in height 

Of American table-lands, one of the most remarkable is the Mex- 
ican. On the eastern and western coasts are low countries, from 
which, on journeying into the interior, we inunediately b^in to 
ascend, climbing, to all appearance, a succession of lofty mountains. 
But the whole interior is, in &ct, thus raised into the air from 4,000 
to 8,000 feet This conformation of the country has most impcnrt- 
ant moral and physical residts ; for, while it giyes the table-land^ on 



wfaioh the papnlataoix is dneflj concentrated, a mild, temperatei 
healthy climate, miknown in the bornii^ and deadl j tracts of low 
country, into which a day*9 journey may carry the trayeller, it ako 
shuts out the former from an easy c(»mnunication with the sea, and 
thus deprives it of a ready access to a market hr its agricultmrnl 
productions. Carriages pass without difficulty on Uie summit of the 
taUe-land for hundreds of miles, from Mexico to Santa Fe, but can 
descend to the eastern and western coasts only al a few points, owii^ 
to the steepness of the descent This plateau has an area of about 
800,000 square miles. A large part of New Grenada and Ecuador 
IS situated at an elevation of ^m 5,000 to 9,000 feet, and contain! 
populous cities, (such as Quito and Bogota,) 8,000 or 10,000 fbet 
above the level of the sea. 

Another of these table4and8 indudes an eictensive tract in Pe^^ 
BoKvia, and the States of La Plata, stretdiing from O'' to 26"" south 
latitude, and raised above the sea to the height of from 4,000 to 
10,000, and even 12,000 feet These great plateaus were each the 
centre of a native American eivilizalion, at the time <^ the discoveiy 
of the continent 



§ rV. — ^AsPBCTS or MovTtTADfB Ain> Peaks. 

Mountains, in their exterior forms, present some varieties 
strike even the most inattentive observer, and which, at first siglit^ 
may lead tb to presume that there is s<xDe diflEerence in th^ iiSer- 
nal composition. The highest mountains most frequently present a 
snrikce of naked rod^ but the nature of the toAb produces varietiea 
in their sections and outlines : here ihev shoot up mto the form of 
en(xmous crystals, witii sharp aisles, heaped up and supported by 
each odier : in another place, vast and ek^ated masses are crowned 
with circular summits, whidh rise into the air with less boldness. 
Sometimes there appears an immense steep and abrupt sur&oe, whioli 
lays Q^n to view the interior structure of the mass. 

Next in order to tiiese broken, arid, and steep summits, we see 
mountains, the forms of which bear a diaracter of tranquillity, — aa 
indication of their slow and successive fermation. These mountainii 
which aie formed by layers variously inclined, generally exhibit ml 
infinite variety of forms, in consequence of the chaises to whichy 
from numberless causes, ibey have been suljected. m one place a 
vast amphitheatre is seen risn^ in majestic and regular graoatioii ; 
in another, there is a large mass cut perpendicularhr, and presentiiiff 
the £Drm of an altar, like the Table Mountain at the (Jape of Good 
-Bhpe. Some mountains have the apijpearaiioe of the head of 8 dngoBi 
^ t^ger, cr m bmt^ lo other plaoQiToaiMik\dkifni^ 
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like pillars, or in (me aingle maas, in tibe ibrm of a large lune-pia, m 
Hrant Aignille, in the province of Danphin6 ; and near Envionne, 
if the Vaibis, are seen some which recall the figure of the (M French 
fiizsled wigs. But ike most common i^pearanoes are those formed 
If.laj&n oi stones, in an nndulated, or furrowed shape. 

After these mountains of the second rank, we find hills, mote or 
less lofky, wfaidi, on all sides, present to the eve but little devation, 
and a gentle dedivily. These hills, furrowed by streams, often grad- 
ually c£>pe away, and at last lose themselves in the plains. S(xne- 
timea their sides are so rugged and precipitous, as to produoe on the 
mind almost all the picturesque effect oi high mountuns. 

The peaks, or highest parta.of mountuns, formed by volcanic 
agency, differ very much from the usual forms. Their conical, or 
(nrramidal masses, are distioguished by their regnhuity, even when 
tney have been broken oft, or truncated by some accidental cause. 
Their toweiiiig summits seem to menace the neighboring; country. 

Basaltic mountains, also^ present an appearance not leas strilong, 
when they are not covered or concealed by other ao3L Theb sides 
display to the view dose ran^ of immense pillaiBi or causewaySi 
which seem to be the production of giants. 

Some mountains present the appearance of having been bored 
throu^ The Pierre Pertuise, in Mount Jura, and Pausillippo, near 
Naples, are instances of this kind. The Torghat, in NcMrway, is 
{oaced by an opening 150 fiset high, and 3,000 long. At certain 
seasons of the year, me sun can be seen darting its rays from one 
extremity <^ tms vault to the other. In New Zealand is a rocky 
aidi, through whidi the waves of the sea pass at high water. These 
phenomeaa difl^ from caverns, only from the drcumstanoe of having 
a passage entirely through. 

I v. — ^MouiTTAiH CEAnra. 

Some mouBtains are completely isolated, particularly those of a vd- 
esDic origin, or of a calcareous nature. The Rock of Gibraltar, and 
the fiartress of Gwalior, in Hindostan, are of this description. 
Ifoontains, however, are seen most frequently in groups. Sometimes 
chains branch out from a conmion centre, in angular directicHis. 
S<»tetimes the centre mass itself is a lofty chain, whence, at different 
periods, secondary chains have apparently been formed. The Alps 
may be placed in this class. Sometimes we see irregular groups of 
•everal chains, among whidi none can be distinguished from the rest 
Snch are the collections of mountains in Asia Minor, and in Persia. 
Bat the most remarkable sort^ are the long, connected chains, which, 
like the GordiUtoui of the Andes, in S^tth Amende cod&s^ V^ 
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Irandreds and thousands of miles, nearly in one ocmstant direction^ 
having on both sides, r^olar ranges of inferior mountains, but send- 
ing off few secondary chains. These great chains evidently bear the 
stamp of hi^h anti(;[mty. 

In general, all the mountainous chains on the same continent seem 
to have a mutual connection, more or less apparent They form a 
8<»t of frame-work to the land, and appear to have determined, to 
some extent, the form it was to assume. There are many chains 
which have veiy little, or no affinity to each other. Such are the 
mountains of Scandinavia and of Scotland; mountains as inde- 
pendent as the character of the natives who inhabit them. 



§ VL — ^Dbomvitibs or MoxmrAiNS. 

Mountains, whether insulated or in groups, exhibit^ on both sides, 
declivities which are either gentle and long, or rapid and broken. 
Most principal mountains have one of their sides veiy steep, and the 
other a gradual idope. The Alp, for instance, are much more rapid 
and steep in their descent on the Italian side than on the side of 
Switzerland. On the contrary, the Daufrines, or Scandinavian Alps, 
have a mudii steeper declivity on the west and north-west, than 
towards the south-east. The Pyrenees are steeper towards Hie south 
than on the ncnrth. The mountains of the Asturias are the reverse. 
But those of the Sierra-Morena, and particularly the Alpujarras, in 
Grenada, seem to be steepest, and most abrupt towards the south. 
Mount Atlas and Mount Lebanon border the Mediterranean with bold 
and craggy declivities. The latter is &r from steep near the Eu- 
phrates. Mount Taurus exhibits two different declivities : in Cara^ 
mania and Natolia, the descent is very abrupt towards the south, and 
there are a number of plateaus towards the north ; in Armenia, the 
declivity on the north side is very rapid. The Ghauts of India have 
precipitous hills towards the west, and long, gentle slopes towards the 
east. In general, this inequality in declivities takes place only be- 
cause the chains of mount^ns, when most distinct, are in a great 
measure nothing but the abrupt borders of long upland plains, or 
plateaus, obliquefy inclined, of which the sur&ce of the globe appears 
to be composed. We must distinguish the mountains which descend 
by degrees, from those which decline by successive banks. The lat- 
ter may have been caused by the action of wat^, in the manner 
pointed out in Division First. 



I7SX8 or MOVNTAIKS. — ^VALLEYS. 01 



- g VIL — ^UsKS OF Mountains. 

In the benevolent purposes of Providence, these great elevadons 

of the earth's sur&oe are made subservient to the well-being of the 

Hmnal creation, and to the health and happiness of man. Rising 

S^ regions of perpetual ice and snow, they serve, in hot climates, to 

ad the burning air, and to £m with delicious breezes the heated 

keath of exhausted creation, and ward off pestilence, by purifying 

tte atmosphere, and exciting fresh sources of vitality in ike panting 

«nd langmd system. They are the reservoirs of rivers, supplymg the 

4k3ing or exhausted streams in the low countries, during the summer 

«nd diy seasons, with copious torrents from the melting snows. They 

4ve storehouses of the richest minerals, and thus may be considered 

« mines of wealth. Thev increase the surface of the eaiih, and give 

lichness and diversity to its vegetable productions. They frequently 

afford shelter from the pierdng blasts, and by reflecting the sun's 

rays, they afford a genial warmth. By attracting the driving clouds, 

they cause the land to receive an increased amount of the ^^ dews of 

heaven.^ 



§ Vm.— Valleys. 

YaHeys are formed by the separation of chains of mountains, or 
of hills. Those which are found between high mountains are com- 
monly narrow and long, as if they had originally been only fissures 
dividing their respective chains, or for the passage of extensive tor- 
rents. The angles of their direction sometimes exhibit a singular 
symmetry. ** We see in the Pyrenees," says M. Raymond, " some 
valleys, whose salient and re-entrant angles so perfectly correspond, 
that if the force which separate them were to act in an opposite 
direction and bring their sides together again, thev would unite so 
exactly, that even the fissure would not be perceivei" This fact has 
been observed in the Alps, for the first time, by Bourquet. There 
are some valleys situated on a high level, totally different. We see 
some, which have a great extent in length, without being cut into 
any angles whatever, forming a sort of elevated plain. Such as these 
generally lie on the side of the principal chains. There are others, 
which are large and swelling ; they appear to have been basins of 
some ancient lake which had become dry, from the breaking down 
of the bank or dam formed by the surrounding mountains. 

There are also some elevated valleys, containing rivers and lakes, 
which have no outlet There is a remarkable example of this in the 
large valley which contains ihe Lake of Ilticaca, in Peru. Central 
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Asia abounds in such valleys. Several, nearly of the same sort, are 
to be found in other countries. High valleys present some remaric- 
able drcumstanoes as to their form. Some have dedivities equal on 
aU sides ; others slope only on one side, and to a great extent^ wlule 
the opposite side is steep, rough, and abrupt Most of these high. 
valleys have their surface upon a level with the summits of the seo- 
(mdary mountains in the neighborhood. In a few instances, these 
valleys have been observed to enlarge themselves at different and 
successive periods, but gradually to b^me identified with the plains. 
They have been, for some ages, completely barred and confined by 
some projecting angle of the chain of mountain which girds them in. 
Some valleys, lying between opposite mountainous ^ains, are of 
great extent, comprising whole provinces or countries. Such are the 
great valleys of the Ganges, in Asia, and of the lifississippi, in North 
America. Some are situated far above the level of the ocean, though 
sunk deep below that of the adjoining country. Such are the Chota, 
near Quito, which is 5,000 feet deep, and that of Rio Cataca, in 
Peru, which is 4,000 feet Bootan, and Nepaul, are deep valleys of 
Asia. Those of the Po, of Savoy, of the Tyrol, in Europe, are in- 
stances of the same kind, though of less extent 



§ IX.— Plains. 

By plains we understand extensive tracts of lowlands whose sur- 
tace is, in the main, broken slightly, or level, or covered with gently 
swelling and subsiding eminences, or by inconsiderable and almost 
imperceptible depressions. They are found of every stage of fertility^ 
from the inexhaustible fecundity of the Egyptian Delta to the irre- 
claimable sterility of the sandy deserts. 

America contains vast plains, one of which extends fix>m the shores 
of the Arctic Ocean to diose of the Gulf of Mexico, and from the 
Bocky Mountains to the Alleghanies. This plain embraces the valley 
of the Mississippi, the St Lawrence, the Nelson, the Churchill, and 
most of those of the Missouri, the Mackenzie, and the Coppennine, 
including an area of 8,240,000 square miles. 

Another great plain comprises the central part of South America, 
extending over an area of 3,000,000 square miles, including more 
than one half of Brazil, the southern part of New Gren^U^ the 
eastern part of Ecuador and Peru, and the northern part of BoHvia. 
The moist and warm climate of this plain, clothes it with a luxuriant 
and gorgeous vegetation, nowhere equalled. The plain of the La 
Plata, extending from the Mountains of Braril, to the Strait of M»- 
flellan, comprehends the whole of the southern part of Sou^ Amer- 
«% east of tiie Andes, with an area of XfiV^fiS^ w^sB^\sSi0tL. 



Hie plam of the Qrinooo, tenned the Uance, indudm^ the re^on 
citcnding fitmi the C^neta to the months of the Onnooo, has an 
ma of 350,000 square miles. These two are distingtushed from 
the great plain of the Amaaorw, by the abeenoe of trees, and the 
vUe^ grassy tracts that corer their sni&oe. 

Ttud most extensive plain on the sur&oe of the globe, is the vast 
tnci stretching from the shores of the Ncnrth Sea to the Pacific Ocean, 
nd broken cmj by the Und Mountains. It has an average breadth 
cf 1,400 miles, and a length of 6,000, comprehending an area of 
6,500,000 square miles. It comprises extensive heaths, sandy deserts, 
and steppes or open pastores, aiul has few considerable forests. 



§ X.— DSSEBIS. 

Deserts aie tracts of greater or less extent, utterly sterile, and in- 
capable of supporting vegetable or animal life. Iliese fngbtfdl soli- 
todes, destitute of water or of verdure, present plains (k sand, or 
ahing^e, interspersed with not less barren and arid heights, and ex- 
hibitii^ no indications of animated beings. In some, pavched by a 
scorching son, burning wkids, charged wiUi poisonous exnalatioDs, and 
oolumns of moving sands, add to the horrors of the scene. But 
even these desert regions, are interspersed here and there, with little 
fertile tracts, rising like green islands out of the sandy ocean, well 
watefed and well wooded, and affording shade and refireshment to 
the eiiiausted travdler. Iliese spots are called oaaes or umddies. 

Hie most extensive of these desert tracts, is the great sandy eone 
which stretdies fixmi the Atlantic Ocean across Amca, and Central 
Asia, nearly to the Pacific, or to 120^ £. lon^. ■ It indudes nearly 
<»e fourth of the two conttnents through whidi it passes, ooverii^ 
•n arBa<^ 6,500,000 square miles. Sahara, or the Great Desert of 
Afiaca, Arabia, and ihe plateaus of Persia and Thibet, present the 
most continued sur&oe of sand. 

America is characteriied by the general absence of deserts ; and 
it has been estimated that, althoum its surfece is only half of that 
<^ the old worid in extent, it contams at least an equal quantity of 
{Moductive soU. The principal American deserts are those of Alta- 
cami, a belt of sand extendmg from the nortbem part of Peru, with 
many interruptions, to Gq»s^ in Chili, a distance of 1,700 miles, 
with a width of fix)m 10 to 50 miles ; the desert of Pemambuco, 
which is also an arid waste of sand ; and the great desert west of the 
Mississippi, which is about 1,400 miles long, and 400 Inroad, although 
(his range exhibits some productive valleys. 
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§ XL4 — ^PRODuonvE, Treeless Plains. 

The snr&oe of the earth oontains several extensive tracts, which, 
although possessing a productive soil, are jet, in their natural state, 
entirely destitute of ^ees, and in general spread out into wide, un- 
broken plains. Such are the extensive open pastures of the great 
plain of Northern Europe and Asia, called steppeSj the karroos of 
Southern Africa, the prmrks of North America, the llanos^ and 
pampas, of South America, and the heaths of Europe. 

While the whole Atlantic slope of North America, south of the 
St. Lawrence, and the region west of the Rocky Mountains, were 
naturally covered with a dense forest, the great plain before de- 
scribed formed what Darby calls the grassy or prairie section, con- 
sisting chiefly of unwooded but fertile plains covered with a rich 
herbage, a&rding immense natural pastures, though occasionally 
degenerating into bare and arid wastes, as in the tract mentioned in 
the preceding section. 

In Venezuela, the wide plains called llanos are, for half the year, 
covered with a luxuriant verdure, but, during the dry season, be- 
come parched and burned, so as to resemble sterile wildernesses. 
The pampas, which occupy a lai^ part of the plain of the La 
Plata, are dotted here and there with palm groves, and in some 
peaces overgrown with thistles, or incrusted with salt ; but, for the 
most part, they are covered with rich herbage, feeding countless 
herds of cattle. 

Some of the steppes of Asia are merely sandy plsuns, bearing a 
ifew stunted shrubs, and exhibiting only occasional spots of verdure : 
others are covered with herbage, and afford good pasturage for the 
numerous herds of the pastoral tribes that roam over them : others 
bear saline and succulent plants, or are coated with saline incrusta- 
iiooa. The karroos of Southern Africa are tracts of arid clay land, 
bearing some succulent plants ; but the meagre vegetation which 
clothes them with verdure and adorns them with flowers, during 
the rainy season, disappears during the heats of summer, giving the 
country the aspect of a parched and barren plain. 

The jungles of India are tracts covered with dense »id impene- 
trable masses of vegetation, crowded and twined together, consisting 
of thorny and prickly shrubs, of every size and shape, and even canes, 
which in a few months shoot up to the height of 60 feet, and creep- 
ing plants and bushes, which form impassaUe barriers even to an 
army. 



PIMOES ASD D3EFILIS. — ^ISLANDS. Off 



§ XTT. — ^Passes and Dshlss. 

Tbe narrow paeaage by which we enter into vaUeys, is called a 
PiflBy or Defile ; and, as Ibnnerly, each valley contained a small 
iodependent tribe, or nation, these passes are called by the French, 
Fortes dee NatumSy (Gates of the Nations.) Such are the passes 
of Caucasus, — ^the Caspian Passes, — the Pass of Issus, rendered 
celebrated by the victory (^•Alexander, — that of Thermopylae, im- 
mortalized by the devoted patriotism of Leonidas and his band of 
Spartans, and the Furcula CaudincBy or Caudine Forks, where 
Borne saw the gloary of her unjust arms deservedly tarnished* 
There is <Hie of these passes between Norway and Sweden, near 
Skiaerdal, formed bv several masses of rock, cut by nature into long 
paiaUelograms, which have between them a passage shut in by 
perpendicular walls. Another of the same kmd is at Portfield, 
(G^ie-mountain.) These openings exactly resemble those by which 
the Hudson River passes through successive chains of mountains, 
which seem desirous of checking its course. The Cordilleras of the 
Andes present the most stupendous passes of this kind that are 
known. They are fix>m four to five thousand feet deep. The lower 
valleys appear to us under a very different aspect ; they widen as 
they receide from the secondary mountains firom which they origi- 
nate, and gradually lose themselves in the plains. Their opposite 
an^es generally correspond Yery regularly; but these angles are 
very obtuse. 



§ XTTT, — ^Islands. 

Islands of great extent exhibit, on a small scale, the same appear- 
ances as continents. The smaller islands, however, deserve a distinct 
consideration. These may be classed in various ways: they are 
single, or in groups, or chains. Among low or flat islands, there are 
some which are only banks of sand, scarcely raised above the surface 
of the water. Sometimes they consist of masses of shells, or petri- 
fications, as the Isles of Lachov, north of Siberia, which are nothing 
but masses of ice, sand, and the bones of the mammoth. Many of 
the islands of the Pacific were formed, or at least enlarged, by polypi, 
and are composed mainly of coral rocks. Of the more elevated 
islands, we find many which are of volcanic origin. Such are the 
Sandwich Islands, the Society Islands, the Marquesas, and several 
others in the TadBc Jn several instances, the volcanoea have oou- 
to dmcharge Jara from their crater, m dl d^xeic&>Tys^\a^\^l 
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glow and gradual aocnmtdation, they have formed those vast and 
lofty peaks, which serve as landmarks to the distant mariner. 

When groups of islands are {daced near each other, we may fairly 
conjecture that they are only the summits of one extensive submarine 
mass. So, also, when they appear to follow one constant £recti(»i| 
they probably form only the eminences of a chain of submarine 
mountains. Such, when situated in the same line with the promon-' 
toiy of a continent, may be considered as a continuation of the chain. 
Thus, it is evident that the Eurile Islands connect Jesso with Ejuh- 
Bchatka, in the same way as the Great and Little Antilles connect 
the two continents of America. But, to make the observation hold, 
the intervals which separate the islands must either be very smaU, 
or be filled up with rocks and shoals beneath the sur&ce, so as to 
preserve unbroken the continuity of the bases of these submarine 
mountains. Thus, we must not consider Iceland, the Faroes, and the 
Jutland Isles, as a continuation of the Norw^ian Mountains, be- 
cause a deep sea intervenes. Their geological structure indioKtes, 
that they are rather connected with the British Isles. 



§ XIV. — General ABRAKosMsiffT of tbs Great MotTHTAnr 
Chains, and Aspect of the Continents. 

If we draw a line from the centre of Thibet, across M<Higo]iay 
towards Ochotsk, and thence towards Cape Tchutchi, on the eastern 
ptomontory of Aida, this line will, in geno^ coincide with an im- 
mense cham of mountains which run from south-west to north-east, 
and everywhere descend very rapidly towards the Indian and Pacific 
Oceans ; while, cm the other hand, they extend themselves towards 
the Arctic Ocean, in plains and secondary hills. The case seems to 
be the same with the African Mountains. Now we may consider the 
lofty and steep Mountains of Arabia Felix, as the link which connects 
the Mountains of Laputa, and the Mountains of the Moon, with the 
Plateaus and Mountams of Persia and Thibet Again, from Bhering's 
Straits to Cape Horn, if we follow the western coasts of America, 
we shaU find one unbroken chain of the highest mountains of our 
globe. This chab occasionally bends a little into the interior, but 
more frequently, it closely borders <hi the ocean with a range of ste^ 
and bold shores, and sometimes with the most tremendous precipioea* 
On the other side, the outlet of lakes, and the direction of the great 
mers, evidently show that the whole, or nearly the whole, surface of 
America inclines to the Atlantic Ocean. It follows frx>m these &ct8, 
that the greatest chains of mountains upon the face of the globe, are 
fanged in a circle round the Pacific and Indian Oceans ; axxdj also^ 
iia^ Ui0jrmote ^^uently exhibit ikee^ 2BsA xx^\ AfiBMs^ ^lanwBda 
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that immeDM basin which they surround, and long and comparatively 
gentle dedivities cm the opposite coasts. In short, from the Gape of 
Good Hope to Bhering's Straits, and thence to Cape Horn, the eye, 
even of a nice and festidious observer, cannot fail to discover some 
links of an arrangement aa strikiuff iiom its uniformity, as from the 
immense extent of country which it embraces. 

Let us now suppose ourselves placed in New South Wales, with 
our fiice turned toward the nortL We shall see America on the 
right, and Africa and Asia on our left These continents, which, not 
long since, even in imagination, we could not consider as at all ap- 
proaching each other, being examined from this point of view, form, 
as it were, one whole, the structure of which exhibits, in its gprand 
features, a most remarkable symmetry. A chain of enonnous moun- 
tains surrounds a vast basin ; this basin, divided into two by a large 
mass of islands, fi^uently washes with its waves the base of this 
great primitive cham of the earth. But when did this immense 
chain of granite and porphyry shoot up from the bosom of the waters ff 
Or, when did those lofty secondary mountains sink into the depths 
of the ocean, and by their simultaneous submersion, Ibrm that steep 
and abrupt range of coast, which {»edominates over our globe ff 
Let us return to the old continent, and recollect, that the vast re- 

S'ons of India and China, contrary to many theories, are placed to 
le south of this- great girdle of mountains ; that the peninsula be- 
yond the Qanges even joins that astonishing group of broken, and 
mtersected countries, which fill the centre <^ uie sreat basin; and 
that this is, as it were, the link which connects with 3ie present conti- 
nent those srand remains of a former owtinent, which seems to have 
disappeared 

It we consider, under the same point of view, the whole extent 
of the two continents, we shall perceive that the greater part of 
the plateaus and the chains of mountains incline veiy generally 
to the Atlantic and Northern Oceans. That extent of waters, 
vast as it is, appears then, only like a canal compared with the ffreat 
Pacific ; and the steep coasts which Ixnrder the Atlantic, are nouiinff 
in comparison with those of the Cape of Gk>od Hope, and of Gardafm, 
with the precipices that surround the seas of Kamsfihatka, of Peru, 
and of ChilL 

It was formerly supposed that mountains increase in height as we 
approach the equator ; but when we remember that the mghest of 
the Himalays — ^the most elevated in the Old World, — and the highest 
of the Andes — ^the most elevated in the New World, — are both be- 
yond the tropics, and that very high mountains have been discovered 
both in the Arctic and in the Antarctic regions, such an opinion will 
be seen at onoe to be quite erroneous. 

5 
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§ ZY, — ^TaBLE 01* TBS HsiGBTS OF THB PRINCIPAL MoUNTATJfa 

nr THE WOBLD. 



L NORTH AMERICA. 



Naimw 

Mount St Elias, 
Popocatepetl, 
Orizaba, 
Iztadhuail, 
Mount Hooper, 
Nevada of Toluca, 
Sierra Nevada, 
Mount Fairweather, 
Long's Peak, 
Mount Perote, 
Volcan de Fuego, 
James' Peak, 
Sierra de Cobre, 
Grand Serrania, 
Blue Mountains, 
Black Mountain, 
Mount Washington, 
Mount Marcy, 
Mansfield Mount, 
Peaks of Otter, 
Round Top, 
High Peak, 



Coontiy. 

Russian Territory, 
Mexioo, • • • • 






• -• • 



British Territory, . 
Mexico, • . • • 



u 



• « • • 



Russian Territory, 
Indian Terrify, U.S. 
Mexico, .... 
Guatemala, . . 
Indian Terrify, U. a 
Cuba, . . about 
Hayti, . . " 
Jamaica, . . 
North Carolina, 
New Hampshire, 
New York, 
Vermont, . . 
Virginia, . . 
Catskill, N. Y. 



u 



Height. 

17,775 feet 

17,717 " 

17,374 

15,705 

15,690 

15,542 

15,170 

14,925 

13,430 

13,413 

13,160 

11,500 

9,000 

9,000 

7,277 

6,476 

6,428 

6,300 

4,279 

4,260 

8,800 

8,700 



u 
u 
u 
u 
u 
u 
u 
a 
a 



u 



u 
u 
u 
a 
u 



u 



n. SOUTH AMERICA. 



Name. 

Aconcagua, 
Bahama, 
Chimborazo, 
Acohuma, 

THinnnniy 

Volcano of Arequipa, 
Cotopaxi, 

Volcano of Tolima, 
Volcano of Purace, 
Mountain of Potosi, 

Picbindia, 

8illa d» CanocaBf 



Country. 

Chih, . 
Peru, 
Ecuador, 
Bolivia, . 



u 



Peru, . 
Ecuador, 
New Grenada, 

u 

Bolivia, . . 
Ecuador^ « 
-YgnegaelBL, % 



Height 

28,910 feet 

22,860 " 

21,424 

21,286 

21,140 

20,820 

18,875 

18,020 

17,034 

16,152 

15,924 



u 
u 



u 
u 
tt 
(( 
a 



I>lkto, 


Teneanela, . . 


. B,280 1 


BoraimA, 


Guiana,. . . 


. T,460 


Cg^P^l, 


Brazi], . . . 


. 7,400 


HoiDt Samkato, 


Terra del Foeffo, 


. fl,flOO 


Itunbe, 


Sr^;; 


. S,400 

. 6,e«o 


m. 


xnaopK. 




Ihw. 


OoDnlTT. 


B«%hi 


HoDtBkiio, 




. lff,73» i 


HomtI!<»>, 




. 16,210 


Jongfiwi, 


« 


. 13,672 


Monte Tio, 


Savoy, . . . 


. 13,S»9 


amploi. 


Switzerland, . 


. 11,780 




Spain, .. a 


. 11,464 






. 11,200 


MJ Jiite tak. 


ftM.ce, ; ". ; 


. 11,168 


Mont Perdu, 




. 10,994 


Uouot Etna, 


sicuy, : : : 


. 10,874 


Sierra de Gredo^ 


8p»m, . . . 


. 10,668 


Bndoedi, ' 


TranBylTania, . 


. 9,593 


Monin Como, or Gtaa Smbo, Italy, . . . 


. 9,521 


Monte Rotoiido; 


Conks, . . a 


. 8,767 


Uoimt Guiona, 


Greece, . . . 


. 6,533 




Norway, . . 


. 8,120 


Skagtoltend, 


" . . 


. 8,101 


Pamaaaus, 


Greece,. . . 


. 8,068 


Tabors. BJi.. 




. 7,604 
. 6,778 


hS., 


" ... 


. 5,738 


Delpbi, 


" ... 


. 6,72« 




Oermaiiy, . . 


. 6,364 


Snoe&Ja, 


Iceland,. . . 


. 6,116 


BenHacdoi, 


Scotlaad, . . 


. 4,418 


BeoNevi., 


" , . 


. 4,S76 


BenUwera, 


" , . 


. 4,061 


Cairngorm, 
VeauviuB, 


w<L, '. '. '. 


. 4,050 
. 3,932 


Snowdon, 


. 8,587 


Cader Idrl., 




. 3,550 




Scotland, . . 


. 8,614 


OniniiTnnl 


Ireland, . . 


. «,4W 


Ormim 


Sbglaad, 


. t^ 



HTmettas, 

Skiddaw, 
StoomboU, 



Ob«*iT. 

QrWM, . 



lipariUMt 



t,oae " 



Chnmalareet 
EnMn^ 
Ararat, 
Dcnumnd, 
'LebraoD, 
OlynnniB, 

Snai, 

ZioB. 

Cttnwl, 





28,1T8 feet. 


" 


26,862 » 


Thibet, . . . 


23,929 " 


CaooaBm, . . 


18,493 « 


XW, . . . 


17,112 » 




14,696 " 


Syii*. * ." ■ 


9,617 " 


AnaMinw, . 


0,100 " 


AtoUa,. . . 


8^93 « 


" ... 


7,498 « 


AnaUmOf. . 


W86 " 


Pafestine, . . 


2,700 « 




2,280 « 


" . . 


2,068 - 



T. AVBIOA. 



Abba Jarrat, 
OamenKmB, 
Peak of TeaoriSe, 
Bernard, - - 

Peak of Fogs, ' • 
{loo, 

Table Monntun, 
Diau*! Peak, 



OomttT. IliUM. 

Abyssinia, . . . 16,000 ft 
South Guinea, about 1 8,000 
Canary Islands, . 13,179 
Bourbon Isles, . 12,100 
Uorocco, . . . 11,400 
C^ Verd Ldanda, 9,164 
Azores, .... 7,818 
Cape of Good Hope, 8,810 
StHdena, . .' 2,710 



TL OOKUnoA. 



IConntKea, . 



tJjttM OF m BMuam w MomraAimL 



101 



MoimaBoay 
Mount E^bwy 
TobreoDou, 
Mount Ambotismeiiei 
Mount Edgecmnbei 
Egmont Peak, 
Unimak Peaky 
8ea^w SOU, 
Barren Monntainai 



Sandwidi Idands, 13,7190 feet 
Antaictic Ccmtinent, 12,400 *" 



Tahiti, 

Madagascar, . 

|l0fr Zealand, • 
a 

Akfotian Islee, 

New Sooth Waka, 

Van Diaaidn'a Land, 5,000 



12,250 
11,500 
9,630 
8,840 
8,593 
i,700 



tt 
a 
tt 
a 

tt 



Til. MEAN HEIOBIS 01* UOXTSTASS OHAHTS AHD OOHTZNEBTS. 

Num. Hei^ 

HimalaTB, 15,670 feet 

Andea of BoHyia, from 15"^ to Id'' S.lat,Ewtem Ridge, 15,250 "" 

" ** Western Rid^ 14,900 •* 

Table-land of Thibet, 11,600 ^ 

Andes of Oolomlna, from 2'' & to 5*" K lat . • • 11,380 <^ 

aTenees, 7,990 ^ 

j», • . . . 1r,850 « 

Asiatic Continent| • • • • • • 1,150 ^ 

South America, • 1,130 << 

North America, 750 ^ 

Europe, 670 ^ 



I 



DIVISION THIRD. 

GEOLOGY, OR DESCRIPTION OF THE SOLID MASSES 

COBCPOSIN6 THE EARTH. 



PAET I. 
GXETBRAL VIEW OF THE STRTJOTUBE OF THE EARTH. 



§ L — ^PtuEukiKABt Remarks. 



Oboloot, so &f as our present subject is concerned, comprises a 
description of the inorganic solid ina^es which compose the earth's 
crusty and of the otganic reihains which they contain.* In Greolosy 
all those masses are tertned rdckiy wheliier they are cohesive, like 
granite, slate, and marble, o^ Idose, like sand, day, gravel, and com- 
mon mould. Bocks T^hich ori^nated from depositions in water are 
termed aqtLeous ; those which have been produced by heat are 
termed igneous. 

In tracing the nature of those agents that have produced the 
present condition of the sur&oe and interior of the earth, we find in 
the foremost ranks fire and water^ two mighty, universal, and an- 
tagonizing forces, which have most materiaUy influenced the condi- 
tion of the globe. 

§ n. — Classification of Rooks. 

All rocks are divided into two great classes, stratified and unstrai- 
%fi/dd. Stratified rocks are those which are arranged in regular lay- 
ers, (generally termed strata^ bounded by nearly parallel sur&ces. 
Unstratified rocks are those which exhibit no appearance of regular 
beds or layers, but consist of masses destitute of any definite form. 

* The sdence of Geoloe;^ takes a much wider range ; bat we are conoemed 

eefy-wiOk IS&At Dart of it wmch belongs to PhyBiMlG^^)^^^ and the reader 

wm uadentaoa that a similar remark ap]g^ to sSlit^ w^qcXa cJl ^3cq]^ ^^ra^ 
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There are many daases of both kindi. Of the stratified rocks, 
same are very hard and crystalline, like quartz rock and gneiss ; 
"irhile some are soft and earthy, like peat or clay beds. 

The state of the ingredients of crystalline rocks has, in a great 
degree, been influenced by chemical and electro-magnetic forces; 
w£le that of stratified seaimentanr deposits, — ^like the mud beds 
of deltas, — has resulted chiefly m>m the mechanical action of 
moying water, and has occasionally been modified by largo admix- 
tures of animal and vegetable remains. 

The average aggregate thickness of all the stratified rocks is con- 
sidered to be at least ten miles. That of the unstratified rocks it 
trnknown; but there is little doubt they extend many hundred 
miles below the stratified rocks. The latter are arranged by many 
geologists into primary^ tranniion, secondary, and tertiary. But 
this classification is abandoned by several of the highest authori- 
ties; and the terms are so vague that we need not regret the 
diange. The primary denote the oldest and the lowest ; and the 
transiticHi, secondary, and tertiary succeed, in the order in which 
they are named. 



§ nL — ^Eablt CoKBinoN of the Earth, akb Obioik ot 

THE Unstratified Rocks 

There is much evidence to render it probable, that at an early 
period of the existence of our globe its entire materials were in a 
fluid state, and that the cause of this fluidity was heat The form 
of the earth, being that of an oblate spheroid, compressed at the 
Poles, and enlarged at the Equator, is that which a fluid mass 
would assume from revolution round its axis, as has been shown by 
mathematicians. The further £ict, that the shortest diameter coin- 
cides with the existing axis of rotation, shows that this axis has 
been the same ever since the crust of the earth att^ed its present 
solid form. 

Assuming that the whole materials of the globe may have been 
once in a fluid state, or even in nebular state, from the presence of 
intense heat, the passage of the first consolidated portions of this 
fluid or nebulous matter to a solid state may have bc^n produced by 
the radiation of heat from its surfigMse into space ; the gradual ab- 
straction of such heat would allow the particles of matter to ap- 
proximate and crystallize ; and the first result of this crystallization 
might have been the fonnation of a shell or crust composed of oxi- 
dated metals and metalloids, constituting various rocks of the 
granite series around an incandescent nucleus of mftlt/^ la&tt^ 
Memvier than granite, and such as forms {he mote NV^&^tj ^^o^cje^asit:^ 
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<^ basalt aad compact lava. The common consent of nearly all 
modem geologists, and chemists, refers the ori^ of this large and 
important class of unstratified crystalline rom to the action of 
heat 

The agency of central heat, and the admission of water to the 
metallic bases of the earths, and alkalies, ofl^r two causes, which, 
taken singly or conjointly, seem to explain the production and state 
of the mineral ingredients of these rocks ; and to account for many 
of the grand mechanical movements that have affected the crust of 
the globe. The gradations are innumerable that connect the infi- 
nite varieties of green stone, syenite, porphyry, granite, and basalty 
with the trachytic porphyries, and lavas, that are at this day ejected 
by volcanoes ; and there is little doubt that the fluid condition in 
whidi all unstratified rocks existed originally was owing entirely to 
the solvent power of heat 



§ IV. — Osianr of ths Stbatitied Rooks, and of tbm YAEiojm 

Sfbciss of Plants and Animals. 

Beneath the whole series of stratified rocks that appear on the 
wadace of the globe, there exbts a foundaticm of unstratified rodm, 
bearing an irregular surface, from the detritus of which the materials 
of stratified ro^ have all been originally derived. The thickness 
of stratified rocks accessible to our inspection, is v^ small, compared 
with the diameter of the earth ; but small as it is, it affords certain 
evidence of a long series of changes and revolutions, affecting, not 
only the mineral condition of the nascent surfiice of the eara, but 
attended also, by important alterations in animal and v^table life. 

All observers admit that the strata which compose the dry land, 
were originally formed by the aggregation of materials beneath the 
wat^, and then brought to the su^Geicc ; and whatever may have 
been the agents that caused the movements of the gross, unorgan- 
ised materials of the globe, we find sufficient evidence of prospective 
wisdom and design, in the benefits resulting firom these obeciue and 
distant revolutions, to future races of terrestrial creatures, and moie 
especially to man. 

The detritus, or matter abraded by streams from the first dry- 
lands, being drafted into the sea, and there spread out into extensive 
beds of mud, sand, and gravel, was subsequently raised into dry land. 
The forces generally supposed to have been employed, are the expax^ 
sive powers of heat and vapors, exclusively ; and these agents wiO 
account lor many phenomena : but we cannot see that they will ac- 
cooDt Jhr the elevation of continents, which we attribute to the on* 
egual coatradality of tbd varioivi locka m oocj&ngi» T^ ^«k ii&i»« 
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tliat Igneous agency Ium been actiye during eveiy geological epoch, 
in eleTaiing^ mote or leas, extensive portions of knd, as aqueona 
agency has always been active in depressing them. From the fluid 
mass <^ metals and metalloid bases of the earths and alkalies, which 
were intermingled in a fluid state, the first granitio crust appears to 
have been formed by oiidation of these baMS ; and this soud crust 
supplied the materials of the oldest stratified rocks. The total ab- 
sence of organic remains in these rocks, supports the theory of grad- 
ual lefirigeration, and leads us to conclude, that the waters of the first 
fermed oceans were too much heated to have been halntable by any 
kmd of omnic beings. In these ancient conditions of land and 
water, (Geology refers us to a state of things incompatible with the 
ezistenoe of animal and vegetable life, and thus conducts us to a 
period long subsequent to the existence of the earth as a soUd globe, 
when there was yet no vegetable or animal found within its borden. 
And then recurs the question, Whence came the fini (sninuUs and 
plants f The bearing of this inquiry on natural and revealed re- 
ligion, shows that Geology is not that barren science which some 
erroneously imagine. 

In confutation of the theory whidi explains present phenomena, 
by assuming an eternal succession of similar preceding phenomena, 
the discoveries of G^logy have establishea, first, that existing 
species have had a beginning, and tiiis at a period comparatively re- 
cent in the physical histmy of our globe ; and second, that they were 
preceded by several other systems of animal and v^table nfo, le- 
mecting each of which, it can be proved, that tiiere was a time when 
their existence had not commenced. It further explodes the doctrine 
of s gradual transmutation of (me species into another, by showing 
fliat one species was inmiediately succeeded by a diflferent speciea. 
ft presents to us a banning and end of several systems of organio 
life, each afibrding conclusive proof of the repeated and separate ex- 
ercise of miraculous creative power. The oldest stratified rocks not 
only exhibit no trace of organic mattw , but prove that the surfece 
of the earth was so hot dunng their formation, as to render the ex- 
istence of any animal or plant mipossible for a single minute. 

Hie next series — fi^uently called the transiiMn rocks — ^are inti- 
mately associated with the appearance of organic life. The mineral 
character of transition formations, pres^its evidence of the action of 
water in violent motion ; and many of them were deposited in the 
form of mud and of sand, at the bottom of the sea. 

6* 
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§ y. — ^Earliest Gokditiok ot OBaANxo Live. 

Beginning with the animal kingdom, we find the four great exist- 
ing divisions* to have been coeval with the commencement of or- 
ganic life, upon our globe. - But no higher condition has been yet 
discovered in tnmsition foxmations, than those of fish, the lowest class 
of the vertebrates. 

The mollusks, in the transition formation \)f rocks, afford examples 
of genera and spedes that are difiFused over the whole earth. The 
earliest examples of articulated animals, are those affcnrded by the 
extinct £Eimilj of trilobites, which appear to have become extinct 
before the beginning of the second series, although at one time ex- 
tremely numerous. The radiates are among the most firequent or- 
ganic remains in the transition strata, and present numerous forms 
of great beauty, especially the £sunily of star-fish and fossil coral- 
lines. 

In the inferior regions of transition series, plants are few in num- 
ber, and chiefly marine. In the superior regions, land plants are 
contained in prodigious numbers. The strata in which these v^eta- 
ble remains have been collected in such vast abundance, have been 
> justly designated the carboniferous order, or great coal formation, 
it is in this formation chiefly, that the remains of plants of a former 
world have been preserved and ccmverted into beds of mineral coal, 
having been transported to the bottom of former seas and lakes, and 
buried in beds of sand and mud, which have since been changed into 
sandstone and shell. Thus, by the use of coal, we are brought into 
immediate connection with the vegetation that clothed the ancient 
world, before half its surface was yet formed. The trees of the 
primeval forests have not, like modem trees, undergone decay, by 
gelding back their elements to the soil and atmosphere that nour- 
ished them; but treasured up in subterranean storehouses, have 
been transformed into enduring beds of coal, which have, in latter 
ages, become fertile sources of light, heat, and wealth to man. How 
wonderful the economy of nature's secret workings, and the benefi- 
cence of the Divine Lawgiver, who directs and sustains that economy 
for the happiness of his creatures I 

* Naturaligts divide all animals into four great divisions; vix.: Vertehraia, 
or animals possessing a skull and heuck-honer-'Molluaea, animals oouBistingof 
a soft mass, without either internal skeleton, or articulated covering, sudi as 
the ojyster and the snail, — ArtieiUaia, those covered with a series of articula- 
ted nngs, like the earthworm, the bee, and the lobster,— and Radiatay or 2^00'' 
phyta, those whose parts are arranged circularly roimd the mouth, which is 
m the centre, such as the polype and the spoi^ animf^ l. We alkali employ 
the English Ibnna of these tenss, which are verUbnUes, moiluskt, orHcykOsi, 
andnuhaUi, 
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§ YL — Ouonr ot Soil, Spbivob, akd Salt Mnrxd. 

The movementB of the waters by which the materials of strata 
haye been brought to their present position, have caused them to be 
intermixed in such a manner, and in such proportions, as in various 
degrees are &vorable to the growth of the different vegetable pro- 
ductioDS necessary for the health of man and animals. Solid rocks 
have been converted int^ soil by simple exposure to atmospheric 
agency, and the vicissitudes of heat and cold, moisture and dryness, 
iniich reduce the surface of almost all strata to a comminuted state 
of soil or mould, the fertility of which is usually in proportion to 
the compound nature of its mgredients. The three pnncipal mate- 
rials of all strata are, silica or flint, day, and lime. Each of these, 
taken singly, and in a state of purity, is comparatively barren ; but 
the admixture of a small proportion of day gives tenadty and fer- 
tility to sand, and the furtiier addition of calcareous earth produces 
a soil highly valuable to the agriculturist ; and where the natural 
prop(»tions are not adjusted in the most beneficial manner, the fiunli- 
ties a£brded by the frequent juxtaposition of lime or marl, or gypsum, 
for the artificud improvement of soils defident in those earths, im- 
parts to agricultnre half its treasures. Hence, it happens, that the 
great cornfields and largest population of the world, are situated on 
secondary and tertiary femiations, or on their detritus, composing 
itill more compounds, and consequently more fertile diluvial and 
alluvial deposits. 

Strata of limestone, sand, and sandstone, which readily absorb 
water, alternate with beds of clay, or marl, which are impermeable 
to this most important fluid. AU permeable strata receive rain water 
at their surfeoe, whence it descends until it is arrested by an imper- 
meable subjacent bed of clay, causing it to accumulate throughout 
ike lower r^on of each porous stratum, and to ferm extensive res- 
ervoirs, the overflowings of which, on the sides of the valleys, consti- 
tute the ordinary supply of springs and rivers. These reservoirs are 
ikot only occasional crevices and caverns, but the entire space of all 
the small interstices of those lower parts of each permeable stratum, 
which are bdow the level of the nearest flowing springs. Hence, if 
a well be sunk to the water-bearing level of any stratum, it forms a 
communication with a permanent subterranean sheet of water, and 
affords plentiful supplies to the inhabitants of upland districts, which 
m^ be above the levd of natural springs. 

During the fermation of the secondly rocks, the seas appear to 
have BO superabounded with salt, as to deposit it in immense quan- 
tities. H^ce, salt mines abound through this series, espedally in the 
new red sandaUme. Had not the benefioent Ctea\oi \kA u^ ^^ftft 
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stores ci salt wilMn the bowels of the earth, the distance of inland 
countnes from the sea would have rendered this article, of prime and 
daily necessity, unattainable to a large portion of mankind ; but the 
strata of mineral salt, which are dispersed generally over the interior 
of our continents and larger islands, obviate the difficulty. Salt ia 
also the most abundant of the saline compounds formed by sublima- 
tion in the craters of yolcanoes. 



§ Vn. — CoNDinoN 01* TBI Earth dctbihto the Formation of the 

SSOONDABT AND TSRTIABT RoCKS. 

Although the petrified remains of zoophytes, Crustacea, testacea, 
and fishy in tbe secondary rocks, show that uie seas in which these 
strata were Ibrmed^ aboimded with creatures referable to the four 
existing diviskms of the animal kingdom, yet the condition of the 
globe seems not to have been sufficiently advanced, to admit of gen- 
eral occupation by warm-bboded, terrestrial animals. The only 
animals of this kind found in secondary formations, are of the 
marsupial, or pouched order, such as the opossum and kangaroo. It 
18 now peculiar to North and South America, New Holland, and the 
adjacent islands. The peculiar feature in the population of the whole 
series of seoondaiy strata, was the fwevalence of gigantic forms of 
saurian, or liaard-liKe reptiles. Many of these were exclusively marine ; 
others were amphibious, and others terrestrial, ranging in savannahs 
and jungles, clothed with a tr^ical vegetation, or basking on the 
margins of lakes and rivers. Even the air was tenanted by flying 
lizards, under the dragon ftxrm of the pterodactyle, the most curious 
of animals. The ear&i was, probably, then too much covered with 
water, and those p(»rtions of land whidi had emerged above the sur- 
taee were too marshy, and too firequently agitated by earthquakes, 
inundations, and atmospheric irregularities, to be extensively occupied 
by any higher order of quadrupeds than reptiles. 

The tertiary scries introduces a system of new phenomena, presenting 
formations in which the remains of animal and vegetable life i^proa<£ 
ffraduaUy nearer to the species of our own epoch. The most striking 
Mature of these formations consists of the repeated altemations of 
marine deposits, with those of fi-esh water. Throughout all these 
periods, there seems to have been a continually increasing provision 
sbr the diffusion of animal life ; and we have certain evidence of tiie 
character and number of the o'eatures that were permitted to enjoy 
it, in the multitude of shells and bones preserved in the strata de- 
lated during each (^the four epochs we are considering. The ter- 
tiary series, aooordmg to Lyell ai^ Deshayes, contains marine forma- 
&UW iSvided iato four partS| via., eooeine,ii]&oQ«i^cX<to '^&sK«Qi^taDA. 
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newer pliocene. The term eocene (moming^new) implies the dawn 
of the existing state of the animal creation. The term miocene (less 
new) implies, that a minority of fossil shells and formations of this 
period are of a recent species. In formations of the older and 
newer pUoeene (more new; taken together, the majority of shells be- 
long to living spedes, and abonnd especially in the new. 

Alternating with these four ffreat marine formations, above the 
chalk, there mtervenes a fourfokl series of other strata, containing 
shells, which show them to have been formed in fresh water, accom- 
panied by the bones of many terrestrial and aquatic quadrupeds. 



§ VllL — ^Relations of thb Earth ANn its Inhabitants to Man. 

From the statements that have been made in the preceding pages, 
it appears that ^yq principal causes have been instrumental in pro- 
duong the actual condition of the sur&co of our globe. First, the 
passage of the nnstratified crystalline rocks from a fluid to a solid 
state ; secondly, the deposition of the stratified rocks at the bottom 
of the ancient seas ; thirdly, the elevation of stratified and unstratified 
rodoB from, beneath the sea, at successive intervals, to form continents 
and islands; fourthly, violent inundations, and the decomposing 
power of atmospheric agents, producing partial destruction of these 
sands, and forming from their detritus extensive beds of sand, of 
mvd, and of day ; fifthly, repeated osdllations of the land, whereby 
It was submerged, and again elevated. We shall form a better esti- 
mate <d the complex disposition of the materials of the earth, whidi 
has resulted from the operations of all these mighty conflicting 
foroes, if we oonsidw the inconveniences that mi^ht have attended 
other arrangements more simple than those which actually exist. 
Had the earth's sur&ce presented only one unvaried mass of granite, 
or lava ; or had its nucleus been surroimded by entire concentric 
ooYeringB of stratified rocks, like the coats of an onion, a single stra- 
tum only woold have been accesdble to its inhabitants ; and the 
varied intermixtures of limestone, sandstone, and clay, whidi are now 
80 advantageous to the fertility, beauty, and habitability of the globe, 
would have had no place. 

The inestimaUy predous treasures of mineral salt, of coal, and 
of metallic ores, confined as these latter are, to the older series of 
fcnrmations, would, under the supposed more simple arrangement of 
the strata, have been wholly inaccessible, and wo should nave been 
destitute of all the essential elements of mdustry and dvilization. 
Under the present disposition, all the various combinations of strata, 
with their valuable contents, whether produced by ih^ agsaa'j Q»t 
mUwrniMo Sn, or hy meduuacal or chemical ^i^oRAicp^^^x^^i^i^ 



110 OEOLoor. 

the water, have been raised above the sea, to form the maantams 
and the plains of the present earth ; and have still furtiier been laid 
open to our reach by me exposure of each stratum along the sides 
of the valleys. The production of a soil fitted for agriculture, and 
the general dispersion of metals, (more especially of that most 
important of metals, iron) were almost essential conditions of the 
earth's habitabihty by civilized man. 

Although the waters, wliich cover two thirds of the earth's surfiice, 
are uninhabitable by man, or any terrestrial animal, yet they are 
abundantly stocked with animated beings that exult in the pleasure 
of existence, independent of human control, and in no way subser- 
vient to the necessities or caprices of man, while they fertilize the 
land by their vapors. Such is, and has b€^n, for several thousand 
years, the actual condition of our planet. 

We find certain families of plants and animals existing during 
every period, and imder nearly the same generic forms as those 
whidi they present at the present day. Others are limited to par- 
ticular formations, there being certain points where entire groups 
ceased to exist, and were replaced by others of a different charac- 
ter. The changes of genera and species are still more frequent 



§ IX. — ^VOLCAKOKS. 

In the state of tranquil equihbrium which our planet has attained 
in the region we inhabit, we are apt to regard the foundation of the 
Bohd earth as an emblem of duration and stabiUty. Very different 
are the feehngs of those whose lot is cast near the fod of volcanic 
eruptions. To them, the earth often reels to and fro, and vibrates 
beneath their feet, overthrowing cities, yawning with dreadful chasms, 
converting dry land into seas, and seas into dry land. 

The origin of volcanoes is now generally held to be the action 
of steam on subterranean lakes of lava, which have probably never 
assumed the sohd form since the whole globe was liquid with heat 
The steam is produced fi*om the water which percolates through the 
earth, coming in contact with the lava ; of which it occasionally 
expels a part on the principle of intermitting springs. The lava is 
supposed to be firom ten to thirty miles below the surfece. The 
flames sometimes emitted from the ground after a storm may proba- 
bly arise firom the action of water on some metallic substances ; but 
the matter ejected firom volcanoes proves that their origin is different 

Earthquakes originate firom the expansive force of steam which 
finds no vent ; and hence they firequently precede eruptions, and 
cease afterwards. 

IHsiDtegn^ed lava fomu Uie mmt tes^ <^ «Qn&&,)KndM tonUi- 
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^ many important material which are deficient in the older rocka. 
Henoe uioae terrible commotions- answer an important purpose in 
Uie chain of events by which the apparent ruin and confusion of 
certain periods result in the varied beauty and fertility everywhere 
▼idUe. 



PART 11. 



DESCRIPTION OF THE VARIOUS CLASSES OF ROCKa 



§ L — ^Discoveries of Geologt. 

HiSTonTy.traditica, and oljservation, combine to prove that the 
earth's surfiioe is undeigdng a perpetual change ; the currents of 
rivers' and oceans are forming accumulations of land in some places, 
and washing away the surfiace of others. The waters of lakes and 
teas deposit successive . j^eds of ever-forming rocks ; the summits or 
flai^ €dr mountains, uijhlBfrmined or sapped by rains and frosts, are 
plunged into the valkgr j^low; and lofty mountains and deep 
valleys are formed by Ao elevation or subsidence of the surface 
occasioned by earthquakes, 

Greology goes further; it shows us that these changes have been 
going on in times anterior to historical or traditional knowledge ; 
and by an examination id the structure and position of the layers 
irhich compose the crust <^ the earth, it is able to determine tbeir 
relative ages and the mode of their formation, whether from allu- 
vial aocumulaiions or by the deposition from aqueous or igneous 
solutions. Moreover, by studying the animal and vegetable remains 
which they contain, it proves that the whole, or nearly the whole, of 
the present land was once at the bottom of the sea, and has been 
elevated by the mighty forces of nature. 

It was long thought to be vain to look for order, or regularity, in 
the composition and arrangement of the great masses of which the 
crust of the earth is composed ; but we uiall see this idea was erro- 
neons. 
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§ IL — ^Various Struotubes op Mountain Rocks. 

The prindpal of these are the following: — (1.) The eompcKt 
structure, in which the mass is uniform, and when broken, exhibits 
various fractures ; as compact quartz. (2.) The slaty structure, in 
which the rocks split readily into layers, as conmion roofing-slate for 
houses. (3.) The granular^ when the rocks are composed of gran- 
ular concretions, or imperfect crystals; as primitive limestone, or 
statuary marble. (4.) The porphyritic, in which there is a basis, or 
ground, with imbedded crystals ; as porphyry. (6.) Amygdcdoidaiy 
when the basis contains almond-fihaped cavities, whether empty or 
filled with minerals. (6.) Oonylomeraiions, when the rock is com- 
posed of fragments imbedded in a basis; as pudding-stone. 



§ ni. — ^Definition of Beds, Formations, and Veins. 

Any mass of rock different from those aroimd it is called a bed. 
Several varieties are sometimes discoverable in the structure of indi- 

• 

yidual beds : thus, in some, the rock is arranged in columns, as in 
basalt ; in others, in tables, as in porphyry ; or m balls, as in granite. 

AXt those rocks which a{^>ear to have been formed at the same 
time, and in similar circumstances, and which agree in position, 
Btructure, petri&ctions, etc, are said to belong to the same formor 
Hon, Simple formations are those principally composed of one rock, 
as, for example, granite. Compimnd formations are those cont 
more than one species, as the coal formation, which contains sand^ 
stone, slate, limestone, coal, and ironstone. 

Veins are tabular masses that intersect the strata, or beds, where 
they occur. like the latter, they vary in position and dimensions 
from an inch to several fathoms in breadth, and to several miles in 
length and depth. With regard to situation, they are horizontal, 
vertical, or more or less inclined. Veins appear to nave been origi- 
nally rents, or fissures, traversing the strata, which have been filled 
by an after process with the mineral matters they now contain. 



IV* — Classification of Stratified Books. 

The stratified rocks are generally divided into Hie foUowing 
classes: — 

1. Primitive Bocks, — ^The rocks of this class lie under Hiose of 
'^0 anooeedoDg classes. Countries in which they predominate, are, 
ingeneralf mar^ rugged and bcokeliliihsai^bhoeftQo^^ 
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of the oiher cLmwob. The strata of primitive moantaina are often 
highly inchned, a dicumstaooe which contributes to increase the i&- 
equahtiee of the sur&oe of primitive regions. Primitive rocks are 
(H a ciyBtalline nature, and exhibit such (£aracters as indicate form** 
^koxL from a state of solution, in hot waters, and under a heavy pres- 
Buie. These contain no organic remains, and hence, are inferred to 
have been formed before animals and vegetables were called into 
existence. They abound in metalliferous minerals, and no metal has 
been met with which does not occur, either exclusively or occasionally, 
in this class of rocks. Gems also occur in great variety. 

The following species of rocks belong to this class, viz. : gnein^ 
mica slattf day slate, quartz rock, and primary limestone. This 
dass affords durable materials for building. 

2. Transition Rocks. — ^The rocks of this dass, in the r^ular suc- 
cession, rest immediately upon those of the primitive dass. Most 
of them are distinctly stratified, and the strata are often vertical, and 
like those of the primitive class, exhibit the same direction through- 
ont extensive tracts. They are distinguished from primitive rocks 
by the occurrence ci fessil crustacea, sunells, and corals. The exten- 
sive deposits of limestone, particularly of the variegated kinds, so 
much prized for ornamental purposes, which they contain, and the 
oies of lead and copper distributed among them, give them import- 
ance in the arts. This dass comprises the following rocks : — gray* 
vadtCy traiuition clay slate, gn^ss, mica slate, gwurtz rocks, lid 
soendstone, limestone, and glance coal, or anthracite. 

3. Secondary Bocks, — ^The rocks of this dass are, sandstone, slate^ 
Umestone, gypsum, and coal. 

In the primitive and tnmsition dasses, geologists have not observed 
soy determinate arnmgements among the deposits ; but in this class 
it nas been found to prevail throughout the whole series. The Ibl- 
bwing is a sketch of the order of succession, beginning with the 
lowest and oldest formation. 

1. The old red sandstone. 2. Metalliferous limestone, or carbon- 
iferous. 3. The great coal formation, which is a compound consist- 
ing of sandstone, day, limestone, coal, and ironstone. 4. Magnesian 
and Alpine limestone. 5. Variegated sandstone, or new red sand- 
stone, comprising, besides the sandstone, beds of marl, with gypsxmi, 
and rock salt. 6. Shell limestone. 7. Red ground, composed chiefly 
of sandstone, marls, and dolomites, with salt and gypsum. 8. Lias 
and oolite limestone, and Jura limestone. 9. Weald clay, and pur- 
beck stone. 10. Chalk formation. The rocks of this dass are softer 
and less crystalline than the preceding, and contain more organic re- 
mains. These are extremely unlike those of the present times. 

4. Tertiary Backs, — In the regular BUCoeasioT^ tihft xoda c^ \ifia^ 
dMm iBst immediately upon the chalk| or uppeormoi^ meo^T cil ^^ 



114 ^xoLoar. 

seoondaiy dasB. They are looser in textnre than those of that class, 
yet among them, heds occur equally compact with those of the latter. 
They ahound in fosul remains of animals and vegetables, containing 
m^y spedes different from those now existing. 

Tne rocks dT this class, are plastic clay^ calcaire grassier or London 
day, gypsum with bones, superior marine sandstones, sands, and 
upper fresh water formation, 

5. Alluvial Bocks. — Under this head are included the various 
calcareous deposits, peat, days, loams, sands, gravels, and rolled 
masses or bowlders, which, in the regular succession, rest upon the 
newest or upp^most rocks of the tertiary class. Remains of vege- 
tables and animals, are of frequent occurrence in this formation. 
Neither remains of human industry or human bones have been found 
in the older alluvia, but skeletons and bones <^ quadrupeds abound. 
Some of these quadrupeds are of extinct species of existing genera, as 
the mastodon, m^atb^rium, and others, bel(»iging to existing spedes* 



§ y. — CuussiviOATioH OF Ukstbathied Roces. 

Hie unstratified rodks all bear palpable indications of having been 
in a fluid state from heat ; hence they are termed i£fneaus rocks. 
They were dther protruded through the stratified rocks, which they 
have frequently fractured and upheaved, or rose through them by the 
latter sinldng down. One kind passes insensibly into another ; hence 
a sdentific classification of them is impossiHe. They may be divided 
into the four following classes : 

(1.) Granitic. This indudes the various kinds of granite, syenite, 
porphyry, and daystone. 

(2.) Trappean, comprising basalt, greenstone, trachyte, hypers- 
thene, and hornblende. 

3.) S^rpentiruyus, induding serpentine, c^hite, ophicake, and 




(4.) Volcame, embracing the productions of modem volcanoes. 
The prindpal are the various kinds of lava, obsidian, pitchstone, and 
pumice. 

Those first mentioned are the oldest and most crystalline. These 
are extremely hard, and form the most durable materials for building. 
They are foimd only among the older stratified rocks. The latter 
classes are much softer and decompose more rapidly. Some of the 
most picturesque scenery in the world is owing to the presence of the 
trappean rocks, such as Fingal's Gave, in Scotland, the Giant's Cause- 
irzY, in Ireland, and the Palisades on the Hudson, in New York. 

ifost Jdnda o£ igneous rocks were erupts at different periods. 
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loebi; and it ndver wpesn higher than the chalk, and seldom so 
h^h. The older rocks appear to have cooled slowly and under 
peKure, no donbt that of tne stratified rocks and deep waters : the 
more recent generally cooled rapidly and without pressure ; henoe 
they are nncrystalline and cellular. 



§ VL — ^Various PosmoNS op Rocks. 

Rocks rest upon one another in every possible manner, horizontally, 
and at every angle. Sometimes in moderate elevations, and especially 
in lowlands, the different strata preserve, for hundreds of leagues, a 
parallel position ; thus the limestone or calcareous strata, (containing 
numerous shells,) upon which the city of Paris is built, extends 
across what is called the Isle of France, as far as Belgium. The 
gypseous strata of Montmaitre, and of the heights of Belleville, 
Iikve the same degree of elevation, though separated by a valley. 

A ridge of granite seems to extend straight from me lamosin to 
Cherbourg, in Normandy. Another girdle follows tlie valley of 
the Upper Loire, from Mount Cenis to Saint Etienne, a space of 70 
leagues. In the Island of Rugen, in Pomcrania, in tlie Danish 
Islimd of Moen, and at Stevens', in Zealand, the strata of chalk 
and flint correspond to each other, though an open sea flows between 
thdr bases. 

Amid this tranquil regularity of formation, what traces of destruc- 
tion at once alarm and delight the observer of nature! In the 
plains and on high mountains, we meet with strata that have been 
entirely inverted, or partly shifted from their position, bent into 
every shape, crooked and curved, and returning upon themselves. 
The Mountain of St Gilles, near Liege, exhibits all these anomalous 
appearances. We find considerable strata in Mount Jura, which, 
having been overturned and pushed forward upon others, have 
stopped in a position so precarious that the application of the least 
force would put them in motion again. The Alps exhibit an extraor- 
dinary example of disorder and confusion, that strike the spectator 
with awe and wonder. We discover pyramidal mountains, uke the 
Needle of the South, the layers of which are ranged round the axis 
of the pyramid, like the leaves of an artichoke. Nant D'Arp6naz 
presents to our view a sort of hemisphere, composed of regularly 
curved strata. At every step, the rules which appear generally fol- 
lowed, are broken, and set at defiance by the greatest possible diver- 
sity. If Mont Blanc be composed of enormous vertical blocks. 
Mount Rosa, equally gigantic, presents only horizontal strata, a little 
inclined. 

Boda are frequently intersected by fissures au^i c«tN\>a!^ Tasst^ Qt 



116 OEOLOOT. 

less considerable. Some cooaist of interstices left between two 
ancient rocks, at the moment of their crystallization ; die greal 
majority appear to owe their c»igin either to the retiring or sinking 
of the earth. The first of these causes, viz., the retiring ci the earth, 
has considerably increased them in the calcareous mountains of 
secondary formation. They are less prevalent in gypsum. Some 
of these fissures have been filled with metallic substances ; some by 
the filtering of water impregnated with stony matter ; others by 
incrustations ; others by alluvial minerals, by vegetable and animal 
earths: some have remained open and formed ravines, precipices, 
abysses, when they are open to the sky ; or caverns and grottoesi 
when they have walls or a natural rood 



§ Vn. — Caverns. 

The dimensions of caverns have s^nerally been exafisocerated, yet 
the dimensions of some ar« in TealifextraoVdina.7. ^ d^V 
the cavern of Elden Hole, near Castlcton, in England, has not been 
discovered, though sounded with a line of more than 9,600 feet. 
Near Prederickshal, in Norway, there is a hole into which a stone 
being thrown, it is two minutes in reaching the bottom, firom which 
it has been surmised that the depth must be upwards of 11,000 
feet. Among the numerous caverns of Camiola, that of Adelsburg 
is said to afford a subterraneous walk of two leagues. Many caverns 
are remarkable for various natural curiosities. There are some from 
which, in summer, there issues a wind of an icy coldness, with an 
astonishing force. Mount Eoto, in Italy, is an example of this. 
The little communication which some caverns have with the exter- 
nal air causes them to change their temperature long after that of 
the air becomes changed on the surface of the earth. 

The most interesting caverns, and the most curious, for their 
natural productions, are those from whose roofe water impregnated 
with calcareous matter has dropped and formed stalactites. This 
calcareous substance is formed by drops of water, which, in filing 
from the roofe of caverns or grottoes, either becomes hardened by 
degrees and remains suspended from these vaults, in the shape of 
long crystals or icicles, or falls to the ground and assumes a thou- 
sand fentastic forms, often representing various vegetables or ani- 
mals. The latter kind are distinguished by the term atcdagmitea. 
It is to this circumstance that the grotto of Antiparos owes its 
celebrity. 

The naturalist prefers those caverns which contain petrified 

bones, as these inform him of the revolutions and former condition 

of animal life on the eartL Some oa\ein)& oajaJ^fisoi ii);u^ ins&aasMkcC 



eartna speeitt of marine ammah, which appear to hare retired 
thither when they felt themselves about to expne. There are 
cavormt which oontain deep pits of water, or wells, sometimes so 
eitensiTe as to acquire the name of subterranean lakes. There are 
ethos from which rivers derive their source, while some are known 
to receive very considerable streams, which lose themselves in the 
interior. Such are the innumerable cavities of the Julian Alps, in 
Gamiola and Croatia. It is to similar reservoirs that we must attrib- 
ute the periodical disappearance of the Lake of Cirknitz. There 
are some caverns in Norway, where, as you walk upon an arched 
calcareous floor, you hear the roar of invisible torrents beneath your 
feet Many caverns in Russia, and Siberia, have been evidently 
formed by means of water, and even masses of ice. 

Volcanic caverns form a distinct class. That of Surtur, in Ice- 
land, which is 5,034 feet lon^, has three of its sides or walls covered 
with a greenish-black varnish, formed by a volcanic vitrification. 
Long pieces of lava are suspended from the roof, which is so full of 
crevices as in many places to admit the rays of the sun. The most 
magnificent of all the known caverns, is, doubtless, that of FingaFs 
Cave, in the Island of Stafi^ on the west coast of Scotland. 
Hiousands of majestic columns of basalt support a lofty roof, under 
which the sea rolls its waves, while the vastness of the entrance al- 
lows the light of day to penetrate the various recesses of the cave. 

Many phenomena, especially earthquakes, appear to indicate the 
existence ci much more considerable subterranean cavities, than those 
which are known to us. The unknown is now banished from the 
land of science, and is become the exclusive patrimony of romance- 
makers ; and we must, therefore, acknowledge a perfect unacquaintr 
ance with their nature. 



§ Vm.— Veins. 

The sBoall fissures which pass through the masses of rocks, which 
we call by the general name of veins, though they appear to the 
imagination less striking than caverns, present to the eye of reason 
and of science a still more complicated enigma. The essential char- 
acter of a vein is, that of cutting, or passing through a mass of rock, 
in a direction more or less Afferent from that of the strata, at 
layers, of which the rock or mountain is composed ; and being filled 
with a mineral substance difierent from that of which the rock itself 
is formed. We sometimes find veins of twenty or thirty feet in thick- 
ness, while others are less than an inch thick. Some continue for 
the space of several leagues, others divide, and dia>^t^ t\vb\£ffiy^\N^& 
ia smaller vdns. There are cases in which thd y^^s&)\ia?ra^'*gdsaf^ 
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throngli many strata, suddenly break o/f at the oommenoement of a 
stratum of a particular sort, aiid re-appear on the opposite side, ex- 
actly in the same direction, and of the same thickness which they 
had at lirst The general line of veins is rectilinear, but without any 
preference as to its direction. The matter with which the vein is 
filled often contains metallic ores, and is then called gangue. There 
is scarcely any mineral that is not found in some rein or other, more 
or less abundantly. Some, also, contain petrifactions, which seem to 
prove, that these fissures were originally empty, and had been filled 
from above, by means of a fluid loaded witii various substances, 
which it deposited in them. This is the opinion of the celebrated 
Werner ; but it is now rejected by all geologists of any note ; and it 
is considered that all veins were either filled from below, or separated 
fircxn the rock by chemical or electric action. 



§ IX. — Thickness op Strata. 

The thickness of strata differs as much as their inclination or posi- 
tion. In the south of Sweden there is a bank, or bed of trapp, 
which is in many places one hundred feet thick, and in the Alps there 
are some masses still thicker ; but it is not agreed, whether these 
masses are to be regarded as regular strata. Many of the middle 
class of mountains contain beds of mineral, or rock-salt, of alum, and 
of coal, thirty <Hr forty feet thick. There are also some strata of coal 
near Liege, not more than one inch in thickness. White and black 
marbles are found in thicker strata than those which are variegated ; 
and in general, those substances which are least compound, 6r mixed, 
are found in the greatest masses. The devonian, or old red sand- 
stone of England, is 10,000 feet thick. In Mexico or Peru, there 
are masses of porphyry, which are from 9,000 to 12,000 feet thick. 



§ X. — ^Influence op Geological Structure on Son. and 

Scenery. 

We have already seen that the older igneous rocks decompose 
much more slowly than the newer : the same is true of the stratified 
or aqueous rocks. Hence, countries whose surface consists of primary 
rocks are barren, and those composed of tertiary rocks are generally 
fertile. As volcanic rocks are seldom found overlying the primary, 
the unproductiveness of the latter is not aided by the former, whereas 
tertiary and alluvial deposits are often fertilized by the presence of 
diaJBt^ated lavaa, AJl soils, except tYie amaW. c^wititY wkich oon- 
sists 01 decayed oi^ganic matW, conaist eiLdm^^^ cA ^BOi^M^gntefl 
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lodES. Hienoe tiie dose connection between the geological struotore 
and productiyenefis of a country is at once mamfest The age <^ 
rock^ however, is not a perfect criterion either of the degree of their 
decompodbility, or of their value when decomposed. Some lime- 
stonesy fOT instance, decompose more rapidly than sandstones of more 
recent formation ; and they produce a better soil, because sandstone 
consists mostly of silica, which enters very sparingly into the compo- 
sition of plants or animals, while lime enters largely into the com- 
position of both. 

The highest mountains generally consist of primary rocks, fre- 
quently intermixed and overlaid with masses of the unstratified, as 
among the Andes. Although the soil is barren, their air is pure, 
their scenery grand and impressive, and their mineral wealth is often 
very great The mountains formed of this class are not only lofty, 
but generally precipitous and steep, and abound with sharp peaks 
and yawning chasms. 

The secondary rocks give a peculiar and characteristic appearance 
to the mountains which are composed of them. Their outlines are 
less broken than those of the primary mountains, their summits less 
hfty ; but v^etation displays its richness upon their gently inclined 
sides of chalk and clay, covered very frequently with a layer of marl, 
and filled with the remains of animals and vegetables, different from 
those now existing. The ar^llaceous slate bears the marks of an 
entire vegetation, anterior to the present constitution of the globe. 
In the marly, bituminous slate we meet with petrified fish, and many 
impressions of aquatic animals ; and the calcareous rocks contain 
the bones of quadrupeds. These three strata, and others which 
are analogous to them, frequentiy succeed each other, in such a man- 
ner, that the remains of the vegetables are placed below, and those 
of the quadrupeds, near the surface. 

In the secondary rocks are found mineral salt, saline springs, 
mineral waters, layers of coppery slate, alumine, calamine, bitumi- 
nous earths, petroleum or rock oil, naphtha, mineral tar, and especially 
coal. All these substances are accumulated in layers and beds, the 
succession of which constantly varies, but which all belong exclusively 
to secondary mountains. On the other hand, these mountains con- 
tain no metallic veins. 

Tertiary rocks are found chiefly in low grounds, resting upon the 
older rocks, generally the secondary. 

Tufa, which is formed by the re-composition of the particles of a 
primitive rock, conglomerates, or breccias, which are heterogeneous 
compounds of the fragments of rocks imited by a cement of tufe, 
clay, sand, or gravel, are conmion in this class of rocks ; and they 
contain abundant remains of large quadrupeds, and Qthec axka]b^'V3& 
flfirmafe now uoknowji in a living state. 
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In the drift hrmaldon, viluch k a part of this serieB, aro chieflf 
fomu} gold and diamonds. The soil <^ such rocks is generally fer- 
lale, the sur&ce fiat, and the scenery inonotonous. 

Alluvial tracts are always fertile, and nearly a dead level, such as 
we <^n find along the bsmks <^ riveis. The organic remains they 
contain are those of existing species ; and they are the only rocks in 
which any human remains have been found, save in a state of buriaL 
Such rocks always consist of the same materials as the h^her 
groimds over which their waters fiow ; and these often wash down, 
and deposit among them valuable minerals. The scnl ci such rocks 
is at (XDce the most fertile and the most unhealthy. 



§ XL — ^Pebbles. 

All the banks of rivers and lakes, and the shores of the sea, are 
covered with pebbles, rounded by the waves, which have rolled them 
against each other, and whidi ofiien appear to have brought them 
from a distance. There are also similar masses of pebbles found at 
a veiy great elevation, to which the present sea appears never to 
have been able to reach. We find them in the Alps at Yalorsina, 
more than 6,000 feet above the sea level ; and on the Mountain of 
Bon-homme, which is more than a thousand feet higher. There 
are some places little elevated above the level of the sea, which, like 
the famous plain of Crau, in Provence, are entirely paved with peb- 
bles ; while in Norway, near Quedlia, some mountains of a consider- 
able magnitude seem to be completely formed of them, and in such 
a manner, that the largest pebbles occupy the summit, and their 
thickness and size diminish as you approach the base. We may in- 
clude in the number of these conftised and irregular heaps, most of 
the depositions of matter brought by the rivers into the sea, and left 
on the banks, and perhaps, even those immense beds of sand which 
cover the centre of Asia and Africa ; and in general, it may be said 
that the tertiary rocks very nearly approximate to these confused ac- 
cumulations. 

§ Xn. — Lava and Basalt. 

Lavas are the well-known product of existing volcanoes, which aie 
found spread above all other strata, around the craters which have 
ejected them, like so many streams around one common source, 
^e black-looking torrents of these substances sometimes asstone the 
appearance of crystalli2ati(Hi, or a separation into laminae, or into 
jvundkh hlockB. Sometimes tiiey are compact, and sometimes porous. 
Tliejrare often only one mass of aoocuid, ot aAi«s MOuiu^V) %iM^dL 
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cement, and form what we may call volcanic tufa. The strata, or 
layers, which we obsenre in lava, and which are commonly separa- 
ted by thin intervening layers of vegetable mould, indicate the number 
of volcanic eruptions which have successively produced those differ- 
ent strata. 

None of these appearances are common to those celebrated sub- 
stances known under the name of basalt, which is only an older 
kind of lava. This substance is seen in the form of prismatic col- 
umns, sometimes elevated perpendicularly, as in the Cave of Fingal, ' 
and the Giant's Causeway ; sometimes inclined towards the horizon, 
at different angles ; sometimes lying horizontally, ranged like logs 
of wood, and enclosed in fissures, as in the Faroe Islands, or free and 
unconnected like the basaltic circle, in the Island of Mull. But it 
is never found overiying tertiary rocks. 



§ Xni. — ^Drift Formation. 

The fragments of granite, and other rocks, thrown here and there, 
upon secondary and tertiary rocks, exhibit a phenomenon as indis- 
putaUe as it is astonishing. All the chains of Moimt Jura ; all the 
mountains which skirt the Alps ; the hiUs and even the plains of 
Germany and Italy, have blodcs of granite scattered over them, 
frequently of large dimensions. The same phenomenon is also re- 
peated in the plains of Russia and Poland, Denmark and Sweden ; 
and it is very common in North America. 

Jutland is so full of these fragments, that the inhabitants use 
them for enclosures for houses and for churches. These blocks are 
rounded by the action of water. In Lymfiord, a Gulf of Jutland, 
and at some points on the western coast of that peninsula, sharp 
peaks of granite shoot up from the bottom of the sea. But what is 
most remarkable, is to see enormous masses of granite lying upon 
the summits of mountains, some of which are near 6,000 feet above 
the level of the sea. 

Such phenomena are observable all over the northern hemisphere, 
to the 40^ of N. lat. The rocks of this kind deposited in one place, 
are sometimes 30 feet thick. They are of various sizes, some weigh- 
ing many tons, and some being small pebbles frequently mixed with 
sand. The whole appears to have been drifted or swept from the 
north by a powerful rush of waters, which probably arose from an 
elevation of the bed of the Arctic Ocean. The large blocks, (some 
of which were carried several hundred miles, and ajcross deep valleys,) 
were probably floated on icebergs. G^eologists differ in the parf^- 
lars of their tbeoriessi, but all agree in making flowing wat^i and i^ 

6 
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PART III. 

ACCOUNT OP SOME OF THE REVOLUTIONS WHICH HAVE 
OCCURRED ON THE SURFACE OF THE GLOBE. 



§ L — ^Pbkliminaby Observations. 

Of the many changes which have ever taken place in the structure 
and appearance of the earth, some are palpable and undeniable, 
while others are less obvious, and only to be learned from extensive 
observations and long chains of reasoning. We intend, at present, 
to confine ourselves to the former of these : and when the agencies 
now in operation, and the changes which have imquestionably taken 
place, are well understood, we shall occupy the vantage-ground for 
extending our researches, if we are so minded, to those other changes, 
the knowledge of which discloses the physical history of this planet 
since first the elements of primary chaos were set in motion by the 
Great Creator. 

The atmosphere generates meteors, whose slow but constant efiEects, 
by accumulating from age to age, must ultimately lead to most 
extensive changes. The winds, which root up entire forests, have, 
at some remote period, served in la3ring the foundations of coal 
mines. The rains, by running down the sides of mountains, bare 
and harden them in some parts, while in others, they increase their 
elevation. The hail and snow, by accumulation, produce masses 
whence flow impetuous rivers, which excavate the valleys. Some- 
times the mountain tops are furrowed by thunderbolts, which rend 
their rocks. The air itself is possessed of a considerable dissolving 
power, which ultimately decomposes all known substances. The 
most solid rock is cleft and divided into stones ; these crumble into 
gravel, or dissolve in sand, which are carried by the winds and waters 
to a great distance. The succession of heat and cold, drought and 
humidity, accelerates that slow disintegration which is constantly 
going on before us. The wind disseminates the seeds of flowers, and 
Siey germinate in distant lands ; it transports whole clouds of volca- 
nic ashes, and holds in solution, a great number of watery, saline, 
and earthy particles. Thus the air contributes to change the surface 
oS the earth. Its action is also especiallv perceptible, in the constant 
extooalon of moving sands, tbd eSfecfts oi ^\^0l \an^ 'Wsl ^i^e^^sB^ 
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Mt in many paits. In Greenland, the femotn ridge of pure ioe, 
named the leMink, is ntnated between two promontories of moving 
sand, with which the wind strews vessels more than 12 leagues dis- 
tant Thus the phenomena of the African Deserts, are met with 
near the Pole. 

Man's industry, though apparently feeble, changes the &ce of 
nature. Here he dean away forests, and there he renews them ; 
liere he drains lakes, and there he forms them ; here he forms arti- 
ficial mountains, and there he levels those raised by nature. This 
dlu)ws what great effects may be produced by a continuance of small 
efforts. 



§ n. — Chakoxs produobo bt Yegetattom'. 

Aquatic plants often change a marsh into a damp meadow. 
These are such as the hippuris, the utriculariof, the equtsetum, and 
different rushes, which form, by their interwoven roots, a floating 
tisBue upon muddy water. Next, the sphagnum palustre is difiusea 
over the surfiuie, absorbs the water like a sponge, and creates a bed 
£>r the briers and lichens, which thicken and raise the soil by their 
annual depositions. At other limes, the expanse of a tranquil bay 
is peopled by water Hlies, the arundo, phragmiteSy and other plants 
which retain Uie earthy particles cast up by the waters. As soon as 
this mud has acquired a little soHdity, we see the willows spring up, 
and osiers, and <^er trees which prefer an aquatic soil. Vegetation 
contributes in other ways to change the appearance of the earth. 
That slender plant, the moss, which mounts up the walls of a deserted 
building, by being repeatedly decomposed and renovated, will, some 
ages henoe, have covered and even buried beneath it, those stately 
p3es which were reared by luxury for royal abodes. The remains 
of the vilest animals are collected in heaps, where the thrones of 
monarchs once glittered with splendor. Brambles cover the temple 
of Jupiter, and the towers of Babylon lie hid and mouldering be- 
neath the grass. 



§ m. — ^Degradation of Land by Aqueous Agency. 

Mountains sink down or separate into fragments, from the agency 
of other causes than earthquakes or volcanic explosions. The waters 
of a rapid rivery a lake, or even of a subterraneous current, consume 
and secretly undermine a mass of rocks or solid earth. The beds of 
sand, gravel, day, and chalk, which serve as a sup^rt, at^ dias^^V?^^ 
cr swept swajr; an exoaraiion is formed^ and UiQ sa^fv&soss^T^ 
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mass (j{ earth or rocks sinks down by its own weight SometimeB 
there is a fissure, by means of which part of the mountain is de- 
tached from the principal mass, and overturned in consequence of 
being deprived of its natural support These kinds of fissures aro^ 
in argillaceous rocks, merely the effects of dryness. 

In granite rocks, they appear to arise from the decomposition of 
certain laminae, of a less powerful crystallization, acted on by the 
oxygen of the atmosphere. The granite of Finland, named Rapa- 
hiwi, is decomposed, whenever there predominates in its composi- 
tion ferruginous or sulphuro-ferruginous mica. Thus the mounr 
tains may be destroyed even by the influence of that imperceptiUe 
humidity which is inherent in all terrestriahsubstances. 

The action of water is greatly assisted by frost. It enters the 
fissures of rocks, and by fireezing there, gradually separates their 
parts till some roll down into the valleys, or are carried away 
by streams. The degrading action of water is particularly poweifol 
on cultivated land, because the sur&ce of the earth is loose and 
improtected by roots or creeping plants. At first sight, we might 
suppose that the degradation of land would be very rapid within 
the tropics, owing to the violent rains and floods : but the thick 
vegetation and matting of roots and plants afford such a strong 
protection that the land seems generally to be less affected by the 
waters than in many parts of the temperate zones. 

The degradations which occur from excavations, happen annually in 
mountainous countries, along rivers. It is thus that the Rhone has 
formed the vault in which it seems to hide itself or lose itself It 
is thus that the Adige swallowed up the town of Neumadk and 
others, in 1767. In the south of Norway, the rapid Glommen 
descends fix)m the summit of the Dofrine Mountains towards Uie 
North Sea, and forms a little above its mouth the fine Cascade of 
Sarpen. The eddy of the waters from this cascade has formed 
under its bank a subterranean lake, 600 feet deep. The Castle of 
Borgne was engulphed in this excavation, and dsappeared, so that 
nothing appeared in its place but a lake 800 feet long, and 300 to 
400 broad. The disaster of Pleura, in Chiavenna, arose from a 
similar cause. Rivers and springs without number wore away the 
foundations of Monte Conto. In 1618, the masses of rock which 
composed the mountain separated from each other, and rolled upon 
the town, which they completely overwhelmed ; and a lake occupied 
the site of 200 houses. 
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§ IV. — OBiaiK OF SiTBTEBBAKXAN FOBXSTS. 

The plains experience depressions of another Idnd. The platforms 
of turf suspended upon water sink under the weight ot forests, 
houses, and inhabitants. Ireland frequently sees the number of its 
lakes increased by the sinking of its bogs. It is to these that sub- 
temnean forests owe their origin in some d^ree. Some are f(»ined 
like those in Lincolnshire, England, by the sinking down of marshy 
coasts, and by ancient invasions of the ocean ; others, like those dis- 
covered near Morlaix, owe their subterraneous situation to changes 
anterior to the present epoch, but are met with generally in peat 
grounds. In the Isle of Man, in the midst of a marsh 20 feet deep, 
fir trees are found still on their roots. Near Asarp, in West (Goth- 
land, there are two peat bogs, composed of a thick mud and a 
slight tur£ We discover there a great quantity of trunks and 
roots dT trees, which are carried off every year for fhel ; the follow- 
ing year they are equally abundant, wluch arises unquestionably 
from an immense collection of trees buried in the ground, and 
raised to the sur&oe by the annual thaw. 



§ Y. — ^FOBMATIOK OF LaXXS. 

Many lakes are formed in Prussia and Poland. That of West 
Friesland was formed in the 12th century. By degrees there was 
formed on its sur&ce a crust of slimv, peaty substances, which, in 
their turn, were covered with vegetable mould. Tliis crust is now 
strong enough for a carriage to pass over it, and to be labored, 
sown, and reaped. At the same time the inhabitants have only to 
make two or three holes, four feet deep, to find water necessary for 
steeping their flax. 

Terrible disasters mark the existence of subterraneous lakes, where 
no one suspects them. In 1792, a lake was formed in the town of 
Zons Le JSaulnier, It is supposed that this was an old pond of 
Inackish water, on which there was formed a pellicle, then a slight 
v^etable crusl^ tiien ground apparentiy solid. JBut a drought having 
made the subterranean waters &11, this crust was deprived of sup- 
port, and sunk down. Moimt Jura presents a number of vestiges 
ci similar sinkings. The Pyrenees, another calcareous chain, ex- 
hibit them in as great abundance. The Julian Alps, where the 
fiunous Lake of Oirknitz is, contain in their numerous caverns many 
reservoirs. 
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§ VL — ^La.ndslips. 

There is another species of catastrophe which is not less extraor- 
dinaiy in its causes, tnan destructive in its effects ; and this happens, 
when one bed of earth or rock sUdes over another bed without 
breaking, or separating into pieces. An example of this may be 
cited in the slip that happened at Solutre, near Macon. After some 
great rains, the strata of earth which lay upon the Mountain of So- 
mtre, slid along over beds of calcareous stones, which compose the 
body of the mountain. They had already advanced several hundred 
yards, and the village was about to be buried in ruins, when the rain 
ceased, and the mass of earth was arrested in its progress. A still 
more astonishing example is foimd in a part of the mountain Goima, 
in the Venetian Territory, which detached itself during the night, and 
gUded along with several houses, which were carried into the neigh- 
boring valley. In the morning, the inhabitants, on awaking, found 
themselves at the bottom of a valley, instead of being on alnouii- 
tain : and this happened so gently, that they did not perceive it till 
next morning. 

A landslip often occasions a lake, by damming up a valley. These 
avalanches are often occasioned by volcanic shocks and earthquakes. 
They are also, in several cases, owing to heavy rains washing away 
part of the rock's support They might sometimes be prevented, bv 
cutting drains and canals in the sides of mountains, to let off their 
superfluous waters, and by dikes, walls, and deep ditches, to stop or 
weaken their movements. Landslips are not uncommon in the 
Northern States ; and our readers are probably well acquainted with 
the details of that which happened at the Notdh in the White Moun- 
tains, in 1826. 



§ Vn. — Giant's Cauldrons. 

Another singular phenomenon occurs, vrith no outlet, called in 
Sweden, Gianfs Cauldrons, These are singular excavations, some- 
times of a spiral form, having their sides very smooth, and situated 
on the sides of mountains, and frequently containing, in the centre, a 
rounded stone. Several of these have been observed in the United 
States, near Fort Nicholson ; several occur also in Siberia and Swit- 
zerland ; but there they are met with chiefly in gypsum, or in 
limestone rock. In America they exist in granite. They are sup- 
posed to have been formed by nmning waters, which had become 
^gulphed there, and had imparted a rotatory motion to a stone de- 
tamed £vm a neighboring rock. In adxmltkkg \]![^ ^si^laaikaAkm^ the 
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^8 CanldraQ in Sweden would prove the fiict, tliat there was a 
when granite was not harder than gypButo---at least, in some 
ties. 



§ VnL — Drying up of Lakes. 

ore are many lakes which hold in solution saline, earthy, metallic, 
ituminous substances; and these form sometimes simple de- 
: at other times they are precipitated to the bottom of the lake 
»nical action. The different gases and acids with winch their 
are charged, may give rise to crystallization. The remains of 
ings that live and die in these waters, create calcareous beds 
Hi. Trees and vegetables are carried along by the waters, 
rm floating isles, which, by degrees, unite together, and cither 
the lakes with a crust of earth, or by sinking, elevate their bed. 
hus the lake is gradually filled up. In all mountainous and 
y countries there are numerous instances of small lakes being 
ap by these causes. We may, therefore, safely infer, that the 
ion of several extensive plains is to be ascribed to the drying 
inland seas, or great lakes, as for example, part of those wnich 
' on the Caspian Sea. Indeed the ^t is undeniably proved in 
cases, by the materials of which the plains are composed, and 
ganic remains which they contain. 

§ IX. — Changes produced by the Sea. 

ery long experience, of more than twenty centuries, sustained 
torical fects, seems to prove that the present sea, considered as 
ntity, is in a state completely stationary, so that the evaporar 
' its waters is equal to the quantity with which the rivers aug- 
t^ and its extent is neither diminished nor enlarged. But locid 
(Stances, like the clearing of waste land, the destruction of 
, and the choking up of rivers, may, for a time, alter the level 
ind seas. Other local or temporary causes may produce the 
n the ocean ; that is, not a change in quantity, but small os- 
ns, which, making the ocean retire, by subverting the equi- 
a of ihe waters, occasion the formation of new ground on one 
nd on the other, invasions of the sea upon the land. These 
38, however, are too limited to affect the form of great conti- 

I present sea makes an effort in two ways, to change the form 
banks : Ist, it creates new lands, by depositing sand, gravel, 
and marine plants, and by casting up, and by retaining the 
md other aubstaaoea brought down by riven \ ^di^^i^ >^<^<^st- 
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mining the mountains which border on it, and thus causbg them to 
£Em. The seas of Europe will exemplify these changes. 

Along the eastern coasts of the Mediterranean Sea and its gulft, 
there is but little increase of land. The Island of Tyre, however, 
has been united to the continent by marine deposits. At the mouth 
of the River Pyramus, in Cilicia, a bed of sand has extended the 
modern coast six miles beyond the ancient ; and similar effects have 
occurred on the southern shore of Asia Minor, where the coast is 
flat. The inhabitants of Miletus and Ephesus have several times 
changed tlie situation of their respective cities, to follow the receding 
sea. On the other hand, it is alleged, that the sea makes encroach- 
ments upon Istria and Dalmatia, columns and pavements in Mosaic 
being there found under the waters. 

The western coast of Italy presents, in a small space, two phenom- 
ena of contradictory appearance. The Pontine Marshes now cover 
part of the Appian Way, while at the month of the l^ber, we perceive 
land that was not there in the time of the ancient Romans. It is not 
the sea, but the rivers, which, having been choked up at their mouths, 
cover the Appian Way. In the same way, if the renowned villas of 
Baiae are now found buried beneath the water, the reason is, that 
these edifices, once the abodes of luxury and ostentation, were built 
at first in the midst of the present sea. On the coasts of Spun and 
France, the Mediterranean has receded. Aigues Mortes in Langue- 
doc, was formerly near the sea ; now it is 2 leagues, or 6 miles, dis- 
tant. The port of Barcelona becomes every day less deep. 

In the Gulf of Venice, very remarkable changes have occurred. 
Ramazzini, having observed that all the country round Modena is 
suspended over a subterraneous lake, and that a great number of 
shells are to be found there, is persuaded that Lombardy has, in a 
great measure, been formed by the combined deposits of the River 
Po, and the sea. The Po used to inundate whole provinces, but has 
been confined by dikes, which have elevated the bed of the river, so 
that the level of its waters is now raised several feet above the huids 
which surround it The grounds near Ravenna have sunk so low 
that the pavement of the Cathedral is only six inches above the 
level of high water ; and the land is extended so much, that this 
town, formerly situated in the midst of canals and marshes, and fur- 
nished with an excellent port, is now three Itahan miles ftom the 
sea, and surrounded by meadows and fields. 

The sum of additions made to the land on the shores of the 
Mediterranean is supposed to be more considerable than the en- 
croachments of the water. 

A great many celebrated harbors retain precisefy the same position 
ihey alwaya had in early times. The ruins of Herculaneum touch 
the sea, and 80 they did in the time dt ^n^. 
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The Atlantic Ocean has made some addition to the land upon the 
ooastB oi France, and contributed to raise the level of those sandy 
plaius which reach from Bordeaux to Bayonne. Several bajrs have 
been filled up, and the Adour River obliged to find a new ouUet ta 
the sea. A district between La Rochelle and Lucon, and, in general, 
an the marshes of La Vendue, have been gained firom the ocean. 
But near Dob the sea is regaining possession of tiie lands which 
fanoerly bel<»iged to it 

We see a striking example of those changes to which the action 
of the sea upon the land appears to be subject, on the coasts of Hol- 
land. In the remotest periods to which history extends, these coun- 
tries were immense marshes, for which the sea and rivers mutually 
contended. The first deposited sand, the latter mud; and thus were 
fijnned the more elevated grounds, which were, in some measure, 
habitable. Human industiy directing the course of the rivers, 
dbecked the fury of the waves by immense dikes, and thus created a 
coimtry in the bosom of the waters. There still remain lakes^ bogs, 
and marshes; the rivers silently undermine these ill-consolidated 
fflrooiids, and the sea penetrates them through the large openings of 
3ie rivers. 

On the other hand, the sea brings to the shores of the main land 
a great quantity of greasy mud, clay, and sand ; and when these 
fdbstances have acquired some consistency, the ground is enclosed 
with dykes. The soil thus formed becomes so fertile, that in a few 
years it indemnifies the cultivators for all their labor and expense. 

On the coasts of Juthmd, the sea has filled up with sand several 
golfe which afforded a retreat to pirates, and it has probably formed 
the isthmus that now divides Jutland from the Gkdf of Fiord, which 
was formerly a strait A part of the northern and western coast of 
Jutland appears to owe its fermation to the sea, which, by accumulat- 
ing sand, has made an unbroken coast of what was once a chain of 

■lands. 

6* 
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PAJIT IV. 

MINERALOGY, OR DESCRIPTION OP THE CONSTITUENTS 
OP ROCKS, AND OP THEIR PRINCIPAL COMPOUNDS. 



§ L — ^Prsliminabt Obskbvations. 

The science of Mineralogy discusses the properties and relations 
of all minerals : but Physical Geography takes cognizance only of 
inch minerals as enter largely into the composition of rocks, or such 
as are of general interest on account of their great utility ; and even 
of these, it describes only such properties as tend to unfold the struc- 
ture of the earth's crust. It neither describes those corpuscular 
properties of minerals which belpng to chemistry, nor those mechan- 
ical properties which belong to general physics and meteorology. It 
k to be understood, then, th^ the present subdivision treats ci 
g$o§^phical mineralogy only. 



§ XL — ^Limestone, or Carbonate or Lime. 

Limestone, a chemical compound of lime and carbonic add, is a 
yery abundant substance on the earth. It belongs to every geologi- 
cal epoch, and to evay soiL Among the primary rocks, it constitutes 
one of the principal formations. In this series it is seen in its pure 
state, in immense beds, the peculiar character of which is a lami- 
nated or scaly texture, which mdicates a confused crystallization. It 
abounds still more in the secondary rocks ; and it is found also in 
the third order, combined with clay, with which it constitutes the 
various marls. 

It forms, also, vast beds in the state of c?udky frequently accompa- 
nied by large masses of calcareous marine shells, compressed together; 
and broken. We are, therefore, led to consider chalk as a very an- 
cient product of the dtered and obliterated remains of shell fish. I< 
is well known that the madrepores, and other pol3rpi of the equato- 
rial seas, form chalk continually in great quantities. The port of 
Bantam was shut up in less than a century, by rocks of coral formed 
by polypL Limestone is discovered, mixed with ffints and colored 
mMrMee, in allavial soilsi where it l\a& 'beesa dftW:J^\>^ \k<^ «ci^lc«iont 
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that have taken place. There are, however, countries where ohalk is 
not found ; where, hitherto at least, it has been rarely seen, as for 
instance, in the neighborhood of the Cape of Good Hope, and in the 
granite and volcanic Peninsula of Kamschatka. 

The carbonate of lime, confusedly crystallized, forms the building 
materials of France. When it possesses a finer grain, it forms a sort 
d marble, of no great value. According as it becomes harder, and 
purer, and smaller in the grain, it receives a much finer polish, and 
» better fitted for the chisel of the sculptor. It is then properly 
called marble. White statuary marble from Carrara, in Italy, is 
esteemed the purest of any. Pure carbonate of lime is always white. 
The colored marbles are formed of calcareous matter, mixed more or 
less with extraneous substances. Every country possesses its peculiar 
species of marble. 

Crystals of the carbonate of lime, under the name of calcareous 
mar. are found generally in calcareous subterraneous cavities, and 
Tali itB veins, ft^eyse^ to on^unenteveryeabinetof mineralogy. 
Of stalactites we have ahready spoken. 

Calcareous alabaster differs from marble only in being less pure, 
BKxre vaiiegated in its colors, and somewhat more transparent 



§ nL — Sulphate or Lime and Magnesia. 

Sulphate of lime, or lime combined with sulphuric acid, is com- 
monly called gypsum^ and sometimes plaster stone, and plaster of 
Paris, When crystallized, it is called selenite. This stone is divisi- 
ble into brilliant and transparent laminae. It was used by the an- 
cients, instead of glass, for windows. It very much resembles foliated 
mica, yet it is totally different in composition. Compact sulphate 
<tf hme, fine, close-grained, and of a beautiful white color, constitutes 
gypseous alabaster j or alabastrite, which has so often afforded the 
poets a term of comparison to express the whiteness and snowy 
purity <^ the complexion. Sulphate of lime often forms hills or 
nttle mountains, and sometimes it is found in strata, among seconda- 
ry oi tertiary formations, but rarely, if ever, among primary rocks. 
The north of Europe and Asia furnishes very little sulphate c^ lime. 

The sulphate of magnesia, — or magnesia combined with sulphuric 
add, — ^known imder the name of epsom salts, is found in many 
mineral waters, particularly all those m the neighborhood of Mont- 
pellier. It is also found in a state of efflorescence upon the sur&ce 
of olay slate, from which it can be easily collected. 
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§ IV. — Saltpxtbb and Common Salt. 

Nitrate of potassa is composed of potassa, nitric acid, and the 
water necessary for its crystallization. It is generally known under 
the name of mltpetre, or nitre. It is constantly formed in those 
places, which, like our stables and cellars, contain animal and v^eta- 
ble matters in a state of putrefiEiction, or which receive the efimivia 
of those substances. It is also deposited upon the surface of old 
walls. As this article is much used in the manufacture of gun- 
powder, and aquafortis, or nitric add, they make artificial nitre beds 
by means of a mixture of v^etable and animal substances. 

Chloride of sodium, or common salt, is composed of sodium and 
chlorine. It is spread throughout nature in an abundance corre- 
sponding to its extensive utility. When found in a cr3rstallized 
state, it is called fossil or rock salt There are immense masses of 
it in Poland, in Hungary, in Bohemia, in Austria, in Hanover, in 
England, in Spain, and generally in all secondary countries. Great 
quantities of this salt are held in solution by the water of the ocean, 
as we have already seen. Sea water is sometimes evaporated in 
shallow ditches, or pits, by the action of the sun, sometimes in 
large vessels, by the aid of fire, and the salt procured from it has 
different degrees of strength and sharpness. Some lakes, rivers, 
and springs contain salt, particularly in the neighborhood of the 
Caspian Sea, where even the soil is impregnated with it Salt lakes 
are generally found near hills of marl, clay, limestone, and gypsum. 

§ V. — Salts of Soda, Ammonia, and Alumina. 

Borax, or biborate of soda, is of great utility, especially in the 
melting or soldering of metals. This substance is found as a native 
production in some lakes and caverns in Thibet, Nepaul, Persia, 
Tartary, and Saxony ; but it is also obtained by a method similar to 
that used for procuring nitre ; and it is also lai^ly manu&ctored 
from native boracic acid. 

Carbonate of soda is found in certain lakes in E^ypt, — in the 
Lake of Kis-Mana, in Hungary, and in the lakes situated in the 
plains north of the Caspian Sea. It sometimes covers the plains 
with a slight efflorescence. It is now manuiactured very extensively 
from common salt and sulphuric acid. Immense quantities of it 
are used in making soap and glass. 

The hydrochlorate of ammonia, commonly called sctl-ammomaCf 

occurs in Egvpi and Persia. It is also found in small quantitiefi 

wand the voloanoes of Sicaly and Italy \ 9xA Vt ^ xc\Aii<^ m wvml 
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countries of Europe. Mixed with pounded ioe, it produces an in- 
tense artifbial cold. 

The salts under consideration seem particularly to abound in 
plains that are surrounded bj mountains ; and were formerly the 
basins of lakes now become dry, or partly run out The great 
desert of Sahara appears to be a similar basin covered with saline 
efflorescence, while the country watered by the Niger is totally free 
from it Brazil, in America, is destitute of salt, while Paraguay 
abounds with it 

Common alum is a compound of sulphuric add, alumina, and 
potassa, and is termed in chemistry, the double sulphate of poUusa 
and alumina. It is found by itself only in very small quantities ; 
but it is extensively procured from a kind of day slate containing 
pyrites or sulphuret of iron. 



§ VI. — ^Alumina and Silica. 

Pure alumina, or sesquioxide of aluminum, is distinguished aaoKmst 
the elementaiy earths, by its tendency to mix and unite itself with 
water. It is found blended with the most dissimilar substances. It 
is the main constituent of common clay, and of several gems ; and 
it enters largely into the composition of all slaty rocks, granite, 
basalt, and all the other principal rocks, except limestone, so that 
next to quartz it may be considered the most abundant minaral 
which enters into the composition of the earth^s crust 

Quartz, silica, or silicic add — a compound of oxygen and silicon— 
IS by &r the most abundant solid substance in nature, so that it has 
been justly styled the basis of the inorganic kingdom. In most 
rocks it is the principal, and in some of the primary it is the solo 
constituent 

When quartz is found in round or angular grains, without cohe- 
sion, having a vitreous surfisice, it is esteemed of no value, bdng 
noUiing but sand or gravel, and fit to be used only in the foimatioii 
cf roads. If these small grains are united by a natural cement^ 
th^fbrm sandstone. 

When the same substance has by natural friction been £ishioned 
into small round masses, it is raised into the rank of crystalline 
ffints. When, in consequence of a more regular crystallization, it 
is of uniform density, and perfectly transparent, it occupies a distin- 
guished place in the collection of amateurs, under the name of rock 
crystal^ which is now extensively used in jewelry. This is an abund- 
ant substance, and in some parts forms whole rocks. 

When of a violet or purple color, the rock crystal becomes amt' 
Oyf/i and in this state is highly valued, and dassed among gems. 
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When bine, it is the sapphire^ which is not so precious. When it 
asBumes the color of rose, it is the Bohemian ruby, the most valuable 
of all. When yellow, it is the occidental topaz ; when of a green 
color, it constitutes pra^ ; and when of a yellowish brown, it £>rni3 
eaimgorm, or false topaz. Chalcedony quartz is of a bluish gray 
color, and of an imperfect and cloudy transparency ; cornelian is 
only a red chalcedony, of a cherry-like, semi-transparency, and some- 
times of a beautiful carnation hue ; and the chrysoprase is a chalce- 
dony of a delicate and clear green. Agate is a chalcedony where 
the colors are distributed in sp<^>t^, clouds, or bands. They give the 
name of onyx to agates formed of two translucid stripes of different 
colors. Oriental agate is distinguished by the fineness of its compo- 
sition, and the peculiar appearance given to its interior by its various 
undulated lamime. The various colors of the preceding gems are 
owing to the presence of a small quantity of some oxide : for pure 
quartz is quite transparent. When quartz agate is less fine in its 
composition, it is used for gun-flints, and for mill-stones. 

Opal is a brittle, milky, resinous quartz, with a certain quantity 
of water. When it exhibits a beautiful play of colors, Hke tnose (k 
ft rainbow, it is called perfect or precious opal. Tliese vary theii 
shades according to the position. This variety is highly prized oi 
aooount of this brilliant appearance, which, however, arises soleli 
from minute cracks or fissures, with which it is filled. When dt 
▼ided, it no longer displap this pleasing and phangeable effulgence 
Tlie hydroph(me^ or semi-opal, is one which is not usually transparent 
but becomes of a beautiful transparency when plunged in water. 

Jasper is a quartz agate, blended with alumina and a little iron 
which gives it a variety of colors. In general, all quartz agates be 
long to secondary rocks. 

The beds of silex, commonly so called, viz. : gun-flints, miill-stonea 
and conunon flint stones, though inconsiderable in regard to thi 
whole globe, present, in respect to their situation, some remarkabU 
peculiarities. Strata of silex often alternate with those of chalk 
Hence, some naturalists erroneously thought that they were th^ 
petrified remains of marine animals. This rock is entirely absent in 
Siberia, and is chiefly confined to particular regions. 

Quartz abounds in every soil. It is one of the integral parts of 
most varieties of granite rocks. It also enters, in the form of crystal- 
lised grains, into the composition of many rocks of porphyry. 

There is scarcely any secondary rock in which we do not find 
quartz, in masses, in veins, or in crystals. 

Arenaceous quartz, or sand, covers almost entirely the bottom of 

the sea. It is spread over the banks of rivers, and forms vast plains, 

even at a very considerable elevation above the level of the sea, as 

-Ihe Desert of Sahara, in Africa, and Gobi, in Asia, and many otitis. 
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This quarts ib produced, at least in part, from the disint^pratioii of 
the primitiye granite rocks. The currents of water cany it along, 
and when it is in very small, light, and rounded grains, even the 
wind transports it from one place to another. Ine hills are thus 
made to move like the waves, and a deluge of sand frequently inun- 
dates the neighhoring country. Sand furnishes, by fusion, one of 
the most useml substances we have, viz. : glass, which being less 
hard than the crystals of quartz, can be made equally traroparent, 
and is equally serviceable to our wants and pleasures. There, it 
shines in walls of crystal in the palaces of the great, reflecting the 
duoms of a hundred assembled beauties, in the form of mirrors ; 
here, in the hand of the philosopher, it discovers, in the form of the 
telescope, the worlds that revolve above us in the inmiensity of space ; 
and in the kindred form of the microscope, it discloses the no less 
astonishing wonders that we tread beneath our feet 

We shall now speak of the precious stones which are mainly com- 
posed of alumina. The red variety of this class is the true oriental 
ruby; the blue, the oriental sapphire ; and the yellow, the oriental topaz. 
These valuable and brilliant substances consist of 98 parts of alumina, 
ciystallized, and 2 of iron. Of gems containing both silica and 
alumina, the most important are the emerald and the beryl, which 
dafSa only in the coloring matter. The principal ingredient is silica, 
with 16 or 1 7 per cent of alumina ; from 12 to 15 per cent of gludna, 
and some iron. 

Garnets contain less silica, and generally more alumiaa than the 
preceding, and always a large proportion of lime and iron. The 
garnets of Bohemia, of a deep, bright red, and those of Syria, of a 
purple, violet color, sometimes contain one third or two fifths of iron. 
The oriental garnet is very magnetic. It is a singular circumstance, 
that such a quantity of iron does not injure transparency. The gems 
we have just been considering, are found chiefly in the oldest rocks, 
though they sometimes occur among the secondary rocks. 



§ Vn.— The Diamond. 

The king of gems is the diamond, or used to be considered so ; 
but it is so no longer. Modern chemistry has proved, by multiplied 
and decisive experiments, that the diamond, fax from resisting the fire, 
like all true gems, is entirely dissipated, without leaving any residuum 
whatever. Consequently, the diamond is now classed among com- 
bustible substances, along witli sulphur, amber, and coaL It appears 
that the diamond consists of pure carbon ; and it is now considered 
to difiEer fiK>m charcoal only in being crystallizidd. Yo^t \\> S& \3s^ 
hgidest jad ma^ ImlUaat d all gems; and aa lIC&MikiicaJlXaki^iBft 
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unless heated to redness, its combustibility detracts little from its 
value. It is generally found in drift, and most abundantly in Hin- 
doston, Borneo, and South America. It has recently been employed 
for microscope lenses, for which it is very superior to any other sub- 
stance. 



§ VITL— Felspar. 

Felspar is composed principally of silica, with about 20 per cent 
of alumina, and a considerable quantity of potassa. Some kinds 
contain soda and lime. If it be colored, it is by the presence of oxide 
of iron. It cuts glass, is phosphoric, and emits sparks when struck 
by steel. Felspar forms the base of many rocks, and predomi- 
nates in those of a primitive formation, constituting sometimes two 
thirds of the substance of granite. Extensive mountains are some- 
times solely composed of it. Guldensteldt tells us, that felspar, 
either pure or mixed with granulated quartz, forms the vast plain of 
rocks which extends from both sides of the cataracts of the Dnieper. 
The fosses of the fort of Sacharowa, are cut out of natural felspar. 
It is to this substance that porphyry rocks owe the distinct spots 
which arise out of their general color ; but these rocks rarely present 
themselves under regular forms. The fine crystals of felspar, 
whether opaque or colored, or limpid and transparent, occur in pri- 
mary rocks ; and the Lombard Alps have mostly furnished what the 
cabinets of France consider the most perfect specimens of this kind. 
But the most beautiful crystals of felspar, which join to a fine green 
color a great degree of transparency, are found in detached Hocks, 
or masses, in the steppes of the Kirguis, whence the Buchanans carry 
them to Semipalatnoi. The mountains of Siberia, towards the Lake 
Baikal, have supphed those large plates of azure felspar, with which 
the palace of Ozarskoselo is adorned. It appears, then, that this 
substance abounds still more in the Alps of Asia, than in those of 
Europe. On the contrary, America does not appear to afford it in 
large quantities. 

Felspar, even when decomposed, still maintains a character of im- 
portance. It is found in extensive beds, from the Uralian Mountains 
to Eamscbatka. Of the two substances which the Chinese userin 
making porcelain — the one named petunz, is a whitish, laminated 
felspar ; the other, called kaoHn, is a clayey felspar, ^t is, felspar 
that has passed by decomposition, from tiie state of a stone to that 
of a very brittle clay, without cohesion, — combining with water, — of 
a fine white color, and infusible by itself, the petunz acting as a 
£ux. The same subfitances are employed, m Eccto^ in the manufiio- 
te9 c/jxwoalaui ware. 
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§ IX,— MiOA. 

Mica, a substance remarkable for its metallic brilHancy, is distin- 
goisbed from talc, bj its pore, smooth surface, and by not being like 
talc, imctuons to the toncb. The variety of mica which consists of 
lar^, thin, transparent laminae, is mistermed talc of Muscovy. It is 
called Muscovy ^iass, in consequence of the Russians, especially in 
Siberia, using it in their windows instead of glass ; but it soon be- 
comes soiled, and, in some measure, loses its transparency, by expos- 
ure to the air. Another variety of mica, in spangles of a yellow 
gold, or whitish silver color, is known by the ridiculous name of caf s 
gt^ or cat's silver. The gilt sand, and gold powder which the 
ir-makers use for purposes of ornament, are only mica in small 
Lents. 

ica is found chiefly in the older rocks ; that which is imbedded 
in more recent formations having been conveyed thither after the 
destruction of the rocks which enclosed it This took place the 
more easily, as its particles, thin and Hght, were susceptible of beinff 
earned along by the waters, which deposited them with other sedi- 
ments oi an analogous nature. The remains of mica are also found 
in the beds <^ hard grajrstone, and clay slate, which generally 
alternate with strata of coal. Its fragments are still disseminatea 
in the sands of the most recent epoch ; thus it exists in different 
states, in substances of every formation. It appears that in the south 
of Europe, mica is rarely foimd crystallized, by itself; that in rocksi 
it does not form laminae of any sensible extent^ and that even in 
the state of veins, its plates are aolj some inches in dimen«i(xis ; 
but all agree in asserting that it is found in Russia and Siberia, in 
laminated masses, sometimes more than two yards square. It is 
found in detadhed masses, and it sometimes appears on the surfooe 
of the earth, but is oftener covered with a bed of talc. Near the 
Lake Bmkal, and in the Uralian Mountains, we meet with masses 
composed of rhomboidal and hexagonal laminae of transparent mica^ 
in the midst of granite, of which rock it forms a constituent element 
Ifica generally consists of silica, alumina, oxide of iron, and potassa; 
but cfifferent specimens differ not a httie in their composition, as is 
the case with many other minerals. 



§ X. — ^Talo, Hornblende, Serpentine, &o. 

Talc, which differs from mica by the greasiness of its sur&ce, is 
ako less hard, and k easUy scraped with a kmfe. On. ^^ c:»^<st 
him^ it difkn &om aoapj day, because it formA "no "jwftft """* ^ *~ 
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and does not adhere to the tongue. The talc of Venice, which 
abounds in the I^rol, and YaHeline, is of a greenish white, silveiy, 
and divisible into thin, transparent, and flexible plates. It furnishes 
a powder, which renders the skin smooth, and is employed as a cos- 
metic. The scaly talc, is known as chalk of Briancon. Steatite, or 
lock soap, is the graphic talc of Haiiy. This is the substance of 
which those tittle figures are made, which are brought from China, 
and whose grotesque appearance has caused them to be called magots, 
in allusion to a species of monkey, which bears that name. Talc 
consists mainly of silica and magnesia. 

This substanoe belongs equsdly to the primitive and secondary 
rocks, but is less common in the latter. The purest talc is found in 
detached nodules, imbedded in micaceous tokSss ; but it occurs ooca- 
monally in granite, and in limestone. 

JSbmblendey otherwise called ampkibole, is a dark, greenish rock, 
oomposed of silica, alumina, iron, lime, and magnesia. It is fre- 
quently translucent at the edges ; and this, with its color, suggested 
its name. This substanoe sometimes forms whole rocks ; it is always 
the predominant ingredient in hornblende slate, and it occurs with 
lekpar and quartz m some granites, in syenite, greenstone, basalt^ 
ana lava. Augite is nothing but a slight modification of hornblende, 
and is identical with it in composition, as well as iq general appear- 
ance. It occurs chiefly in basalt and lava. Felspar, and either horn- 
blende or augite, are the predominant and characteristic minerals in 
aU the unstratified rocks. In granites, porphyries, and trachyte, 
felspar predominates, while h(»iilJende or augite is more abundant in 
basaltic rocks. In syenite and greenstone, the two kinds are nearly 
equal 

Hypersihene resembles hornblende, but it is of a darker color. In 
composition, it contains much less alumina, and lime, with much 
more magnesia, and also m(M*e iron. It occurs vidth felspar, in hy- 
persthene rock, and in the granites, syenites, and greenstones, which 
are distinguished by the epithet, hypersthenic. 

Serpentine is a rock so named from its greenish, mottled appear- 
ance. It contains siUca, an extraordinary quantity of magnesia, and 
£me, with some iron. It occurs iu immense quantities in the United 
States, It is somewhat unctuous to the touch, and of a translucent 
appearance. It occurs alone, and intermixed with primary limestone, 
constituting the beautiful marble called verde antiqtie. 



§ XI. — Asbestos. 

Hub ,m}jei$Doe is also called amianthus, and is diiefly found 
fUno^f^iaiMiy zodou lb, oocupoa &saKa «A cwri&aik ^i iteai^ 
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ToA$y Morpentiiid rocks, and others abounding in magnesia. The 
asbestos which is feund in the mountains of Tarantaise, in SavoVy 
forms silky filaments of more than a foot in length. When people 
see for the first time a detached tuft of asl>cstos, they can scarcely 
be convinced that it is actually a stone, and not a species of fine 
white silk. Asbestos abounds in Corsica. Dolomiou made use of 
it^ instead of hay and tow, to pack up other minerals. Crampini 
sajs, the longest asbestos he ever saw came from the Pyrenees. It 
abounds in the Uralian Mountains, and in Greenland. In Corsica, 
they mix asbestos with the clay used in the potteries ; which is 
thus rendered less brittle and more capable of resisting the sudden 
alterations of heat and cold. The ancients spun the asbestos, and 
made towels, napkins, and head-dresses of it. When these became 
soiled by use they were thrown into the fire, which did not destroy 
the substance of the asbestos ; and, upon being taken out, these 
articles of domestic use were found to be whiter than if tliey had 
been washed. In the funeral obsequies of kings and emperors, the 
dead body was enveloped in cloths of asbestos before it was pUoed 
on the funeral {»le, and thus the ashes were obtained quite un- 
mized. In modem times, the Russians alone have attempted, bat 
without success, to spin the asbestos. The inhabitants of the Ura- 
lian Mountains have still preserved some remains of this frivolous 
industry. The indestructible paper made from this substance appears 
more useful for preserving valuable records from the ravages of 
fire. Wicks for Isunp are also formed of it, which easily imbibe oil, 
and bum with a brilliant flame. Father Kircher made use of such 
a wick for more than two years, without any perceptible decay ; but 
having wet it by accident, he was prevented from continuing his 
experiment. Perhaps the &bulous accounts of* unextinguishable 
sepulchral lamps derive their origin from this circumstance. It is homr 
blende, without any alumina, and with a greater proportion of iroit 

§ Xn. — Sulphur and Carbon. 

The sulphur which is crystallized by the action of a liquid is 
found in veins or in beds, amongst sulphate of lime, or amongst 
potters' clay. These beds, which are often very extensive, border 
upon strata of rock-salt Crystals of sulphur sometimes adorn the 
interior of calcareous, or even quartz, geodes, or eagle stones. With 
respect to sulphur formed by sublimation, it is found in powder in 
striated masses, or even in crystals, at the mouth of many volcanoes, 
such as Etna, Vesuvius, and Mount Ilecla. Sulphur is often ob- 
tained from the putrefaction of animal matter. Several substances, 
among others the sulphurous pyrites, are impregnated with sulphur. 
We cannot doubt mat sulphuric and sulvhwrous acid ^^<^7dft^ ^ 
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powerful agency during the primitive action of the elements ; birt 
litere is little in the existing economy of nature which can enable tis 
to penetrate these mysteries of " chaos and ancient night." 

Of carbon there are few traces found in the primitive rocks ; it 
occurs mainly in those of more recent origin. It seems to have 
been ejected from volcanoes, probably united with oxygen. We 
have already mentioned the diamond as a specimen of pure crystal- 
lized carbon ; and although that gem is proverbially rare, its sub- 
stance is so common that carbon is considered the basis of organic 
nature, as silica is of the inorganic. It is an essential element in all 
animal and vegetable tissues, and occurs so abundantly in some 
fonnations, that they are styled carbonaceous. 



§ Xni.— Bitumen. 

This is one of the many substances which consist mainly of car- 
bon. When in a liquid state, it is of a brownish color, and com- 
monly bears the name of petroleum^ or mineral tar, and when it is 
white and transparent, that of naphtha. It filters through the earth 
and rocks, which remain impregnated witii it The springs of it^ at 
Baku, in Persia, are well known. 

It floats sometimes like oil upon the surface of i^<^ waters. It is 
snd that there is a lake of this description in Mesopotamia. In the 
duchy of Parma, it is drawn np in buckets from wells sunk in the 
earth for the purpose. The same substance, in dr3ring, passes to a 
state of glutinous bitumen, named msetha, and mineral pitch. 
When it becomes solid, it is called asphaltum, and gives its name to 
Lake Asphaltites; or the Dead Sea, in Palestine. It appears that a 
subterraneous fermentation detaches from a bed of solid bitumen, 
•situated under the lake, those crusts of asphaltum that are seen 
swimming on the surface of the water. Glutinous bitumen is found 
in France, at a place called Puy de La P^ge, where it covers the 
earth, and sticks to the feet so as to incommode and retard the trav- 
eller. In Persia, Japan, and other countries, they use liquid bitumen 
as oil for their lamps. The Persians and Turks mix it with their 
varnish, to give it lustre. The walls of Babylon were built with a 
cement in which bitumen formed an ingredient. Romlle has con- 
cluded, from his experiments upon mummies, that the Egyptians 
employed bitumen in their embalming. 

1 
§ XIV.— Coal. 

Coal, and all other bituminous substances, are only decayed veg^ 
iMe matter, sometimes mixed mtkx 00x^7 oxyi «aa&s)\. «QScie&«E«aiu 
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Tins oiigin is indicated by the impression of difierent plants, particu- 
larly the fern tribe, in the slaty clays, which form the roofs of coal 
mines ; and by wood, still partly in a ligneous state, and partly bitu- 
minated ; so that we can, from such appearances, trace the process 
followed in the formation of coal, from one point in the scale to the 
other. The microscope detects vegetable structure in the most per- 
fect coal ; and chemic^ analysis proves that it gives the same pro- 
dacts as woody tissue, viz. : carbon and the elements of water. But 
the former is in excess. Hence, coal is voffetable matter deprived of 
part of its water by heat, and consolidated by pressure. 

Coal is most commonly found in Franco, and in England, where 
the primitive and secondary rocks join ; whence it has been concluded 
that beds of coal were collections of substances deposited by the 
ancient sea, along the shores of the ancient earth. It is supposed 
that the rivers would bear along trees, plants, and bodies of ani- 
mals toward the sea, which would throw them back upon its 
primitive shores, where they would accumulate in beds and masses, 
and in that condition enter into a state of decomposition and com- 
bustion. The mines of coal ought, then, to be found on the recently 
elevated lands of the new, or actually existing earth, around the 
islands of the primeval ocean. Such is, amongst others, the disposi- 
tion of the coal mines around the Hartz Mountains, as described by 
Lehmann. But the simpUcity of this theory does not account for 
the complicated circumstances connected with the position of coal. 
The numerous beds of sandstone, of clay slate, and chalk, which 

generally separate those of coal, show us that this last substance 
as been formed at different intervals, in a fluid, and perhaps, in 
part, at a period when the present vegetables and animals did not 
exist. The intermediate beds which separate the strata of coal, fre- 
ouently preserve with these strata a constant parallelism. This is 
tne more remarkable, as there are beds of coal which are scarcely an 
inch in thickness, although often several leagues in extent. It has been 
concluded, and with sufficient probability, that these beds were 
formed in interior lakes, and consoUdated in calm waters. It must, 
at the same time, be stated, that we observe other beds of coal, 
which indicate circumstances of great confusion. Near Valenciennes, 
some beds which are vertical, or almost vertical, are covered over by 
an alternate superposition, with beds parallel to the horizon. 

The great extent of beds of coal, presents another subject worthy 
of consideration. They appear to pass under the veiy bottom of 
the sea. In the Danish Mand of Bomholm, which is composed of 
a secondary formation of calcareous and clayey earths, wo find a 
considerable bed of coal, which comes from the Baltic Sea, passes 
under the island, and extends itself again under the sea, towards the 
oppoate coasts of Scania, a province of Si??ed6ii* TVfi&\^^<^^\^K&sH(^ 
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of which is not Imavm, may be from five to seven leagues in length, 
and more than one league in breadth. We may conclude, accord- 
ing to the apparent (Erection of the bed, that it ought equally to 
extend imder the secondary clay rocks in Scania ; and in fact, a bed 
of coal has recently been discovered upon the borders of the sound, 
at the entrance of the Baltic, which is probably a continuation of 
that in Bomholm. 

It is a very remaAable thing, that coal, a substance so easily in- 
flammable, is found covered over with substances, which, if they are 
not the products of volcanoes, seem at least to owe their ongin to 
fusion, occasicMied by the powerful action of caloric. The Islands of 
Faroe, which appear to be nothing but masses of basalt, and which 
rise perpendicularly from the bosom of the sea, to the height of 1,800 
feet, contain an extensive mine of coal, inclining to the variety named 
dry coal. According to the descriptions given of it, it seems, at once, 
to have for its wall, its roo^ and its support, basalt, or other trapp 
rock. 

Anthracite coal differs from bituminous coal, only in being de- 
prived of nearly all its water, and being intermixed with silicious 
matter, which renders it more difficult to bum. Coal is found chiefly 
in the lower fossihferous rocks. No coal is ever found in primary 
rocks, and valuable beds are very seldom found above the red sandstone. 



§ XV* — ^Ambke. 

Amber abounds in the Asturias, in beds of coal, and in Eastern 
Prussia, where the Baltic Sea throws pieces of it upon the coasts, 
and where, formerly, the jSshermen collected lumps of it in their nets ; 
but now most of it is procured from the hills of sand in the neigh- 
borhood of the sea. The largest piece of amber ever known, weighs 
13-J-lbs., and is preserved in the royal museum of Berlin. Next to 
Prussia, Eastern Pomerania furnishes the greatest quantity of amber, 
where it is worked in quarries. In general, the whole of the plain 
which borders the Baltic Sea on the south, produces amber, com- 
monly within the beds of sand and clay, sometimes in the midst of 
imperfect coaL These deposits of amber extend from Livonia, and 
particularly from Courland to the western coasts of Sleswick, where, 
perhaps, the Phenicians purchased this substance, formerly so much 
sought after. 

The situations in which amber occurs ; the physical and chemical 

qualities of this substance, which appears to approach the resinous 

gums ; the insects which are found enclosed within it, as in a crystal 

. prison ; everything, in short, connected with its history, would induce 

OM to regard ilm Simi, 9A ^ j\]]ce^l[U(^oiyci^tb^^tcQmattQe^a]id 
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which, buried in the earth by some natural convulsion, would be 
impregnated with mineral vapoiB, and acquire a certain degree of 
consistency. But as the copal, the only kind of known gum which 
resembles amber, is brought to us from Africa and tlie East Indies, 
it would appear, that the forests in which amber is produced, could 
not exist in the environs of the Baltic, unless a very elevated tem- 
perature prevailed. Thus these small fragile crystals, which at fiiBt 
seem to be only an object of idle curiosity, become so many monu- 
ments of the revolations which our planet has experienced. 



§ XVL— Metam. 

Metals, from their brightness, weight, density, ductility, and fusi- 
bility, have long engaged the attention of the mineralogist and cryt- 
tallographer. 'Hiese substances, which form sometimes the representa- 
tive signs of the products of industry, and sometimes the useful or 
the formidable instruments of the arts and passions, ought to be 
carefully noticed in the description of political states ; but uiey pecu- 
liarly deserve attention in the details of phpical geography, from 
the mtimate relation which they bear to the two great agents of na- 
ture, electricity and magnetism. 

Physical geography indispensably requires that a subject of this 
nature should constitute one of its departments ; and, if we devote 
to it a certain portion of our pages, our readers will perceive in the 
progress of the work, the advantages which are thus afforded, even 
m me study of pohtical gec^raphy. 



§ XVn.— Platikum. 

Platinum remained unknown, or neglected, until 1736, when Don 
Ulloa, a Spanish mathematician, who accompanied Condamine and 
Bouguer in their voyage to measure a degree of the meridian, in 
Peru, having found this metal there, announced the discovery of it 
in the relation of his voyage. Platinum was formerly found chiefly in 
the mines of South America ; but rich mines of it are now wonced 
in the Ural Mountains. It is the least fusible of all the metals. In 
order to melt it into ingots, it is mixed with arsenic, a substance 
which renders it very fusible, and from which it \s afterwards easily 
separated, by roasting, although this process exposes the workmen to 
vapors, the danger of which is, unfortunately, but too well known. 
It is of platinum that those rods are made, that have been employed 
in measuring the base of the chain of triangles, whence has wen 
deduced the lengthof the arc of the meridian which traveises France ; 
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and, by oonsequence, the distance from tlie equator to the Nor&eni 
Pole. This metal was chosen for such purposes, because it has little 
msceptibihtj for dilating, or contracting, from the variations of tem- 
perature. Its dilation, according to Borda, is only i\^^^,t for one de- 
gree of the centigrade thermometer, whilst a rod of iron dilates 
■ n ^ ^ for a centesunal degree. 

Platinum is now very extensively used in the arts, and upon the 
whole, may be considered more usefrd than gold, to which it is quite 
equal in resisting the action of adds. I 



§ XVm.— Gold. 

Gold is chiefly found in its native state, that is, ahnost pure and 
unmixed. It exists in all kinds of earth. It is found in little beds, 
in the primitive mountains of gneiss, and of micaceous clay slate, in 
the country of Salzburg, and in Camiola ; it occcupies veins in the 
])Q0untains of syenite and porphyry, near Kremnitz, in Hungary ; in 
the secondary rocks of argillaceous quartz, or even of sandstone, at 
Zaiatna, in Transylvania ; and in an argillaceous freestone^ not fiur 
from Ekaterinburg, in Siberia. 

Europe produces comparatively little gold, the only mines of any 
consequence being those of Himgary and Eastern Russia. Since the 
discovery of America, the principal supplies have been drawn from 
that quarter. In going from La Paz, towards Potosi, and Tucumano, 
all the beds of clayey slate are found penetrated with veins of aurife- 
rous quartz ; and the fall of a shelf or rock, discovers masses of gold, 
from 200 to 300 lbs. in weight The islands of Borneo, Celeb^, or 
Macassar, and of Sumatra, situated imder the equator, contain very 
rich mines of gold, though badly worked. Rich gold mines were 
discovered in the Ural Mountains, about 25 years ago. The most 
productive are on the Asiatic side. And a great part. of the civ- 
ilized world was very lately excited by intelligence of extremely rich 
gold mines in California. But, although this country will probably 
produce much gold in the aggregate within the next 50 years, it has 
not yet produced an annual amount equal to the Siberian mines, and 
to all ajppearances never will In Africa, gold has been fouiHi chiefly 
in auriferous sands along the rivers. In Nigritia, the natives are 
r^ularly employed every year in this golden harvest, after having 
finished that of the com. Near Akim, on the coast of Guinea, it is 
•aid one person may pick up several ounces per day. But this state- 
ment is contradicted by other accounts. Gold, like diamonds, is 
found chiefly in drift. The recent discoveries explode the notion tbat 
gold is found chiefly in the equinoctial regions. 

Hie valuable qualities of gold lendei \\. ^oi^Jkj ot ^<^ took which 
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opinion has assigned to it among metals. Though less brilliant, and 
much more fusible, than platinum, it has a color more agreeable to 
the eye. Thus, the poets have not foiled to give golden locks to 
Apollo ; to Jupiter a throne of gold ; Vulcan employs gold to foi^e 
a buckler for Achilles ; in short, in the form of an adjective, the 
words gold and beauty, are synonymous amongst the Greeks. 

From its great ductility, gold assumes every form we wish it to 
acquire. The goldsmith, the jeweller, the embroiderer, the wilder, 
employ it with equal focility. It is capable of the most astonishing 
superficial extension, thus making up, by its ductility, for its scarce- 
ness. A quantity of gold of the weight of one grain, can be beaten 
out into a sheet, the surface of whi(£ will cover 50 square inches, 
and when used in the gilding of silver wire, its extension is nearly 
sixteen times greater. The tenacity of gold is very remarkable, 
though inferior to that of iron. HaQy says, that one thread of gold, 
of 2-fif millimetres, or -^ of an inch, in diameter, can support a weight 
of 244 kilogrammes, or 500 lbs. As gold is very soft, it is mixed 
with copper when coined into money, to give it hardness. Much of 
its value arises from its being entirely unaffected by air or water, or 
any simple acid. 



§ XIX.— Silver. 

Native silver is frequently found pure in the bosom of the earth ; 
it is also found mixed with copper, gold, arsenic, and sulphur. The 
same province of South America, which contains the richest gold 
mines, viz., Peru, contains also great treasures of silver. The mines of 
Potoei produced, from the year 1545 to 1770, about $1,648,000,000, 
and a small part of them only has yet been excavated. In North 
America, Mexico abounds in silver, about $22,000,000 being derived 
from it every year. Silver is apparently diffused throughout the 
whole extent of the old continent ; but the mines that are now best 
known, are almost all found in the north temperate zone. Those of 
Siberia, of Saxony, and of the Hartz, are at the 50^ of lat. ; those 
of Konigsberg, in Norway, at the 60°. The yery productive mines 
of America, are contained within the two parallels distant 30° from 
the equator. We are ignorant, whether Africa possesses mines of 
silver equal to those of me New World. 

Silver is found chiefly in the primary and transition rocks. At 
Frankenberg, in Hesse, leaves of native silver are found adhering to 
petrifications. A mass of silver was found at Konigsberg, weighing 
upwards of 600 pounds. It is preserved in the Royal Museum, at 
Copenhagen. 

Siirer js, next to gold and platmum, the moe^l \m8!L\«t^<^ ^ ^^ 
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metals. It is remarkable that silver, alloyed with a considerable por- 
tion of gold, or copper, preserves its vrhiteness, while a small quan- 
tity of silver, or copper, mixed with gold, changes very sensibly the 
color of this metal. When dissolved in nitric acid, silver crystallizes 
mider a kind of vegetable or arborescent form, producing what is 
called the tree of Diana, It would seem, tliat the crystals of which 
this kind of mineral vegetation is composed, may be considered as 
small magnetic rods, whose poles, by attracting and repelling one 
another, determine their respective positions. 

Silver, though less rare than gold, has been preferred to that metal 
as a representative of value. The resistances which it opposes to 
the action of the air, and humidity, its brilliant whiteness, and its 
malleability, render it applicable to a multiplicity of purposes, or- 
namental and useful, which are too well known to require enumera- 
tion. 



§ XX. — ^Mercury. 

Native mercury is generally found in brilliant and movable 
globules, disseminated in the clayey slate, as at Idria, in Oamiola ; 
m marl ; in quartz, as in the district of Deux Fonts ; and in primi- 
tive hmestone, as at Almaden, in Spain. This metal requires so little 
heat for its fiision, that the atmosphere generally contains enough 
to preserve it in the fluid state. The cold of northern regions, how- 
ever, converts it into the solid form, which has been erroneously con- 
sidered as congelation. It is then almost as malleable as tin, and 
admits of being expanded into very thin sheets. Mercury amalga- 
mates with almost all metallic substances, but chiefly with gold, 
silver, tin, and bismuth. It is this property, joined to the facility 
with which it evaporates, that causes it to be employed in gilding, 
and in working mines of gold and silver. The silvering of glass is 
effected by the amalgam of mercury and tin. Its extensive use in 
medicine and in the construction of barometers and thermometers, 
renders it an object of great importance in science. The principal 
supplies of it are procured from the places just mentioned; but 
many valuable mines exist in America, although hitherto they have 
not been extensively wrought 



§ XXI. — Lead. 

^ Lead is a substance of very dense structm^, but extremely defi- 
cient in point of hardness, elasticity, and even ductility. It is, 
Jkowever, of great utility in its metalhfi state: conduit pipes, musket 
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balb, amall Aci, and many plain and ooane instromentB are made 
of it ; and its oxides are employed in many of the arts. It is also 
employed in the manufacture of glass, which it renders susceptible 
of being easily cut and polished. It is to its red oxide that flint 
glass owes the quality which renders it so valuable in the construc- 
tion of the object glasses of achromatic telescopes, viz., that of di- 
vesting the images of those colors with which they appear to be 
edged when we view them through a common telescope. The 
oxides of lead furnish a variety of colors, both to the pallet of the 
painter, and the toilet of the modem belle, though to the latter it 
sometimes proves a treacherous aid. 

This metEil is generally found mineralized by sulphur, forming an 
ore conmionly called galena, which is almost always mixed with 
iron, with antimony, and especially with silver. This ore is often 
worked only for the purpose of extracting from it the silver it con- 
tains. Werner specifies 17 formations of galena of different periods, 
in all sorte of rodm, from the quartz to pit coal. There are no 
mines more common in Europe. The kind of galena which con- 
tains silver is met with in Lapland. 

Lead is not found in abundance anywhere in the north of Europe 
or Asia. It begins to discover itself in great quantities in Germany, 
France, and England. Very extensive mines are found in Missouri, 
Iowa, and Wisconsin, which are now actively wrought. 



§ XXn.— Copper. 

Copper, one of the metals of which nature is most lavish, appears 
to occupy two great regions of the globe, which admit of being dis- 
tinctly defined. We know that it abounds in Norway, in Sweden, 
in Hungary, in England, and in the Uralian Mountains ; through- 
out all Siberia, in Chinese Tartary, and Japan. We must also add 
that several islands between E^mschatka and America, produce 
masses of native copper. Immense beds of it are found upon the 
aides of the Ohio, ana all around the great lakes ; and there have 
'^"-n signs of its existence in Greenknd, and in Iceland. This 
al seems to be common to all the countries situated in a zone 
ibout 45 degrees of latitude around the North Pole. But it is 
^^Ad on the other side, all over the south of Africa from Congo to 
the Cape of Good Hope, and, according to Benyowski, in Madagas- 
car. South America also contains extensive mines of it. In Brazil, 
they are abundant, and still more so in Chili. And as it is found 
extensively in Morocco, in the Island of Cyprus, and in Turkish 
Armenia, we may regard it as a substance common to all the zones 
of our planet 
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With respect to native copper, mineralogists agree in distinguisli- 
ing two different formations. Copper of the firet formation is in 
crystals, thin plates, threads, or clusters, which are commonly found 
attached to quartz, or clay slate, and sometimes primitive Umestone. 
The other kind is of more recent formation ; it is obtained from 
sulphate of copper, or blue vitriol, held in solution in water, and 
decomposed by the application of heat. It forms concretions upon 
different stony substances, and even upon organic bodies. In the 
mines of Kopparberg, in Sweden, of Roeras, in Norway, in those of 
Siberia, and m general in all the great copper works, liiis mineral is 
usually obtained from pyrites of a yellow or iris color, in which it is. 
found mineralized by iron and sulphur. The gray-colored copper 
contains silver, antimony, lead, sulphur, <fec. The sulphuret of cop- 
per, or copper combined with sulphur, has a vitreous appearance. 
In the state of oxide, copper assumes various tints, red, blue, or 
green. The silky or pearly carbonate of copper presents a green 
color like an emerald, softened by a kind of satin lustre which gives 
it a more beautiful appearance. 

Copper, in a state of concretion, forms the substance called 
malachitej which is susceptible of a fine polish, and of which the 
8ur£ices of mantel-pieces, snuff-boxes, and various trinkets are made. 
Hatky calls it the alabaster of metallic substances. 

Copper is much more ductile than iron, and more durable than 
tin or lead. Its tenacity is such that one wire of copper j^ of an inch 
in diameter can sustain, without breaking, a weight of 320 lbs. 
The useful quaUties of copper are partly balanced by its very 
changeable nature. Exposed to the air or the damp, it is very 
soon covered with that rust which is one of the most active of poi- 
sons. When melted and refined, it is called rose, or purified 
copper, which is less dense than native copper. Brass is a com- 
pound of copper and zinc. Being less subject to rust than copper, 
it furnishes the mechanical philosopher, the watch-maker, and the 
geometrician, with many instruments of general use, exquisitely deli- 
cate in their workmanship, and at the same time of great durability. 

The best brass contains four parts of copper to one of anc. If 
the mixture contains a greater proportion of zinc, it takes the name 
of pinchbeck, tombac, and gold of Manheim, 

BroTize, or gun metal, is made by uniting with copper a certain 
portion of tin, generally about 10 per cent. This is the brass men- 
tioned in ancient authors. It is more sonorous than pure copper, 
and differs from hell m£tal only in containing less tin. This last is 
used for making the specula of reflecting telescopes, as well as for 
bells, and hence it is called speculum metal. 

Bronze has been employed for statues from the earhest times ; atf d 
^h at preaent extensively employed m ixis2im\g\it«s& caso^ss^ 
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§XXIIL— Tnr. 

'Bn is a mineral found chiefly in the oldest formations of granite, 
poiphyry, and gneiss, in the form oi a deutoxide. 

This metal is found in Cornwall in England, in Saxony, and in 
Bohemia ; it is scarcely ever met with in omer parts of Europe. It 
entirely disappears when we penetrate into the interior of the ancient 
continent, and does not again discover itself till we reach the Penin- 
sula of India, on this side of the Ganges, whence its mines extend 
to the Peninsula of Malacca, and to the islands of Sumatra, Banca, 
and Japan. A£rica and South America produce little of it 

The tin which is used in the arts for coating glass, for solder, for 
cooking utensils, and for the composition of scarlet, possesses the 
singular property pf rendering more hard and more sonorous the 
metal with whidi it is mixed, although by itself it is deficient in 
these two qualities. At the same time, it takes away ductility firom 
metals possessing that quality in a high de^ee, while it does not 
diminish the ductility of the less ductile meta^. 



§ XXIV.— Iron.^ 

Iron is at once the most useful, the most abundant, and the most 
widely distributed of all metals. It is found in abundance in almost 
every part of the world. Its importance is such that most of the 
comforts of life, and many of the arts and sciences, are dependent on 
iL It enters, either as a coloring, or a combining principle, into 
a great number of mineral substances. It is a stranger, neither to 
vegetables, whose tints it enlivens, nor to animals, upon which it 
exerts a salutary influence. 

An immense quantity of iron is contained in the mountains of 
Scandinavia alone. The Mountain g( Taberg, in the south of Swe- 
den, presents only one entire mass of mineral. It is also abundant 
in Britain. The north of Asia equally abounds in iron. Canada 
contains excellent iron, though copper appears to predominate there. 
The western states abound with the finest kind of iron. The mines 
of Missouri are among the richest in the world, the Iron Mountain 
of that state being composed entirely of specular iron ore. South- 
em Africa abounds in this metaL No kind of rock or earth is a 
stranger to it, and the red color of most soils is owing to the pres- 
ence of its oxides. It is found in granite, in detached masses ; in 
day slate, in a thread-like form ; in sandstone, in beds. It exists 
very extensively even in mud and turf. Hence, we eaxioot Wt ^- 
mm the bounty of Prondence, in distnbutang everyv\i«^ Vi ^\»a.V 
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antly a metal of much more importance than all others taken to- 
gether. 

The great masses of native iron found in Siberia, and in America, 
were formerly considered as productions of art, or of volcanic agents; 
but now they are thought to have an ultra-terrene origin, and to 
have been attracted by the earth in their motions through spaoe^ 
perhaps round the sun. Iron is generally found in aerolites, which 
are now universally allowed to have such an origin. Native iron is 
also found in mines ; but this is a rare occurrence. 

One of the most valuable ores of this metal is the black or mag- 
netic oxide, to a variety of which the name loadstone has been given. . 

The peroxide, or specular ore of iron, abounds in Sweden and 
Norway, in the Isle of Elba, in some parts of France, and in the 
United States. It is most easy to work of all the ores of ircwi. 

Sparry iron ore is only a carbonate of lime, more or less mixed 
with iron. The lime with which the ore is combined j^ilitates the 
fusion. The iron which is drawn from it is of an excellent quality, 
and it has a great tendency to pass into steel, even in the first fusion. 
This is what is called steel ore, 

Sulphuret of iron, which is commonly called iron pyrites^ is one 
of the most remarkable substances which enter into the composition 
of the globe. It is very extensively distributed, being found in 
quartz, in marl, in the argillaceous slate which lies upon coal, and 
even mixed with coal itself. In the greatest depths to which man 
has ever been able to penetrate, in the most considerable mines, we 
continue to observe the iron pyrites, until our progress is arrested by 
the subterraneous waters. 

There is auriferous pyrites, which, although chiej9y consisting of 
decomposed sulphuret of iron, is worked like ore of gold, and with 
the view of extracting from it this last metal. 

Green vitriol, or sulphate of iron, is of great service in dyeing; it 
is used as the principle of black color, from the property wnich gall- 
nuts and other astringent vegetables possess of precipitating iron, 
contained in the vitriol, under tiie form of black particles of extreme 
fineness. 

Iron is very different as nature produces it, from that whose ap- 
pearance and use are so ^Euniliar to us. It is generally nothing but 
an earthy mass, an impure and dirty rust ; and even when it presents 
itself to us in the mine, with metallic brightness, it is still very fiur 
from possessing the qualities required for the multiplicity of uses 
to which it may be applied. Pig cast iron, is the metal after its 
first fusion, deprived of a more or less considerable portion of its 
oxygen, and combined with a part of the carbon with which it came 
in contact, in the casting furnace. Cast iron is not yet rendered suf- 
Sdentfy zD^ySeable or ductile. To tendet % ^o, \\» S& ^ii^gasxi ^^ibodUed 
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to the action of the fumaoe, the elevated temperature of which de- 
tenDines, by a new exertion of affinities, the oxygen remaining in 
the cast iron to combine with the carbon, which had been incorpo- 
nted with ihe iron, and thus to form carbonic add, which constantly 
disengages itself from the mass. Iron, after this process, is found in 
ft snffiaent state of purity to answer all ordinary purposes. It is then 
exposed to the action of a large hammer, whose redoubled strokes, 
by Imnging the metallic particles into closer contact, unite them 
more perfectly together, and render the iron sufficiently malleable 
and ductile. It is then called forged iron. In this new state, it is 
no longer fusible by the heat of an ordinary furnace : and before 
beocHoing liquid, it passes through a soft, pasty condition. Forged 
iron 18 now placed in contact with carbonaceous substances, and again 
softened by the action of fire ; and the moment it enters into oom- 
bination with these substances, or rather with the carbon they con- 
tain, it beocnnes steel, which is a carburet of iron. 

Ilie operation of tempering, which steel undergoes, does not 
dumge its nature — ^it only varies the arrangement and aggregation of 
its particles — ^it augments at once its hardness, its brittleness, and 
its volume, and gives it a coarser grain than that of steel not tem- 
pered. Thus, the diflference between cast iron, forged iron, and steel, 
depends mainly on two principles, viz. : oxygen and carbon. The 
VDion <^ these two principles constitutes cast iron ; the absence of 
both, at least in a perceptible quantity, characterizes forged iron ; and 
in steel, carbon exists alone, without oxygen. 



§ XXV. — QuALrriES of Irov. 

The tenacity of iron is such, that when drawn into a wire of -gV of 
an inch in thickness, it can support, without breaking, a weight of 
60 lbs. Iron is very oxidable, and it exerts a very strong elective 
affinity towards sulphur. United with sihca and alumina, it imparts 
an extreme hardness to rocks which contain it There is no metal 
which allows itsdf to be so easily decomposed, and no metal forms a 
more unalterable cement. Its magnetic virtue readily communicates 
itself to other metals with which it is mixed ; riir of ^^^ make 
copper magnetic ; T^Tr li^ve the same effect upon tin. These physi- 
cal quahties prove what an important part it must have acted, in 
the formation of those aggregate substances which compose our 
g^be. 
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§ XXVI. — ZiKO, A»TIMONT, AND ArSBNIO. 

Zinc, which forms the connecting link between th* iaelik^ metaii^ 
and those which are not so, is found oxidated, and then it is oom- 
monlj called calamine, or lapis calaminaris. There are mines of it in 
France, Austria, England, and several of the United States. Cala- 
mine is seldom found in primary rocks. The most importafkt ote k 
the sulphuret, which is found chiefly in the older rocks, and goes by 
the name of blende. This mineral is scattered over Sweden, Ncnr- 
way. Saxony, and Bohemia, and we may almost say, ever3rwhere. It 
generally accompanies sulphuret of lead. It is oflben mixed with iron, 
gold, and silver. The sulphate of zinc, which is rarely a product 
of nature, is called white vitriol. The metal which is brought fix)m 
India, under the name of tutenag^ is, according to Bergmann, adnc, 
in a state of purity. If the air be admitted to zinc, when brought 
almost to a white heat, the metal bums with a splendor that nothm^ 
can equal, and which is too dazzling for the eye to support This 
property serves to characterize zinc, not only amongst the metak, 
but even among combustible minerals. 

Antimony, once celebrated in the laboratories of the alchemists, 
who hoped to discover in it the philosopher's stone, is now employed 
with success in the composition of many medicines, and as an alloy 
with lead in the casting of types for printing. Alloyed with tin and 
a little copper and bismuth, it forms that fine kind of pewter termed 
princess metal. It ia found native in quartz, and primitive limestone. 
The most common ore is the sulphuret, which is found chiefly in 
granite, gneiss, and mica slate. It is often united with galena, and 
goes by the name of gra.y antimony. 

Arsenic, the name alone of which excites an emotion of terror, is 
not often found by itself; but it serves to mineralize a great number 
of metals. It is generally associated with silver or copper. Rubbed, 
or warmed, it discovers itself by the smell of garlic which it emits. 
Its native metallic color is of a steel gray. That which is met with 
around volcanoes, is mineralized by sulphur. Metallic arsenic is not 
poisonous. This property belongs to arseniotis acid, a white powder 
composed of arsenic and oxygen. This is often termed, by way of 
distinction, white arsenic. 



§ XXVn. — Granite and Stenitk. 

Having sufiiciently discussed the simpler elements of rocks, we 
shall now briefly consider the principal compounds of these, which 
caastitate the great mass of aHloiowTi toc^ 
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Giimte is the ddert and most eryBtalline of all rooks. It is geii- 
erallj composed of quartz, felspar, and mica. The latter is some- 
times wanting; while some varieties contain hornblende. Where 
. the latter supersedes mica, the compound is termed syenite, from 
Syene^ in Upper £^;jpt ; although the rocks of that place are in 
redity pure granite. Mount Sinai, however, consists of this kind of 
lock, and hence the tenn iinaite would be more proper. The agree- 
sUe yariety of colors which the felspar reflects, the lustre of the mica, 
the whiteness of the quartz, the sombre green of the hornblende, 
especially when polishing has developed their natural shades, often 
impart to granite a most magnificent appearance. 

The variety which contains no mica is termed graphic granite, be- 
cause the quartz is disposed in broken lines, so as to suggest the idea 
of Runic, or Hebrew characters. Granite is not only the most ancient of 
the rocks, but it appears to constitute the base of all others. It is 
sopposed to underlie the stratified rocks throughout the whole world ; 
and it is not improbable, that it forms an immense vault around the 
g^obe. We know that granite is everywhere found beneath the 
other rocks ; and Uiat, of the highest mountains in the principal 
chains of the world, it is granite that constitutes the foundations and 
the mass. The crystallization which has united the substances of 
granite, must have occasionally met with one or the other in excess, 
producing the varieties ahready mentioned. 



§ XXVin. — QuARTZEOus Rooks. 

lliese are rarely found pure. There appears, however, to have 
been a yery peculiar formation of pure quartz. Strong veins of it are 
seen traversing the granite mountains ; and the vast wall of quartz, 
upon the Mountain of Felsberg, near Manheim, excites the wonder 
of the naturalist. The rock which most nearly resembles the granite, 
unites to the granulated structure of the latter, an arrangement of 
parts which gives it a foliated appearance ; — ^the quartz and fel^>ar 
are feund there in grains ; but the mica fcnrms bands, or very thin 
layers* 

§ XXIX. — ^POIUPHYBY. 

The porphyries, properly so called, are masses of imbedded felspar, 
colored by a metallic oxide, and containing crystals of the same kind. 
Such is the superb red, antique porphyry, originally from Ifenpt, and of 
which only imperfect varieties are found in Europe. Such are still 
the opbiteSf or sexpeatine antique porphyry, altho\]^ dvi^^ic^^vr^ 
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plates of hornblende, a snbstanoe which aboundB more and more in 
6aek pcNTphjries. All rocks with a homogeneous earthy base, coih 
taining crystals of another substance, and of contemporaneous origin, 
are now denominated porphyries ; and that of which we have spokeo ^ 
is distinguished as felspar porphyry : but when porphyry is spoken 
of in general terms, this kind sdone is meant. 

The disorder, or rather, capricious order, according to which the 
particles of the porphyries have crystallized^ sometimes occasions the 
most brilliant and fkntastical appearances. Who would not ad- 
mire the orbicular porphyry of Corsica, which, on being polished^ dis- 
plays circles composed of HtUe yellowish red leaves, arranged in 
rays, around a reddish brown kernel ; and which presents to ^ eye 
a transverse section of some unknown and delicious fruit ? 



§ XXX.— Trapp Rooks. 

These are composed principally of felspar and hornblende, or 
augite. They are named from the Swedish trappa^ a stair, as they 
are often arranged in the form of stairs or steps. They are all of 
more recent ori^n than granite, and less crystalline. The colunmar 
arrangement of the basalts belongs to this class, which includes a great 
variety, the principal beii^ greenstone, basalt, clinkstone, compact 
felspar, pitchstone, amygdaloid, trapp and pitchstone porphyry, and 
amygdaloid rock. They are all of igneous origin, and destitute of 
any indications of stratification. 

The amygdaloids are rocks which derive their name from their 
similarity to almonds, imbedded in paste, and may be composed of 
any paste whatever, in which are found knots or glands of the same 
substance, or of another. The whole is united by a confused ays- 
taUization. Sometimes the spaces occupied by the knots are found 
empty, the substance which once filled them having been destroyed 
by an unknown cause. This makes the amygdaloids resemble 
porous lava. 

It has been remarked of the basaltic colunms in the Cave pi Fin- 
gal, that although the prisms themselves are unequal, the fiaoes of 
each are equal to the corresponding feces of the adjacent prisms ; 
that the inequalities which are in relief upon the top or end of one 
of the prisms, are adapted to the depressions or httle cavities on the 
top or end of the next opposite prism ; as if one was moulded into 
the other. It is also worthy of notice, that in the Island of Stafl^ 
where the prisms are raised one upon the other, like a series of col- 
umns, the convex base of the one is inserted into the concave smmnit 
ci the otheTf so that the columns appear articulated. ^ 

Bvm when tho basaKteto^to'gwiWPhli^igi^^ 
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ular structure, theirpoBition alone is sufildent to attract the attention 
of the geologist 'Aiose masses which, in a confused manner, over- 
fid granite, gneiss, the primaiy and secondary clay slates ; those sum- 
nuts which — sometimes conical, sometimes pyramidal — shoot up in 
an insulated form, ahove rocks of a totally different nature ; those 
cements which unite the basalts to various crystallized rocks ; the 
niooeanve transition of argillaceous slate to basalt, and from basalt 
to other rocks ; and lastly, the numerous instances of the disintegra- 
tion and decomposition of basalt itself^ imparting fertility to the sur- 
rounding soil : — ^these are facts, the explanation of which, for many 
years, exercised the ingenuity of geologists. 

It has now been found, both from ol^ervations on recent lavas, and 
direct experiment on melted basalt, that the columnar structure 
resulted from a kind of crystallization while they were cooling, under 
pressure, from a melted state. The statements formerly made in op- 
position to this view, were incorrect, such as that lava is never de- 
composed ; and it has been demonstrated that the trapp rocks are 
nether more nor less than ancient lavas, erupted when volcanic 
action was more violent, and the earth's temperature higher than at 
Resent. 

§ XXXL — ^Volcanic* Productions. 

HsTing in the four preceding sections, noticed the mo6t interest- 
ing £ictB r^arding the older igneous rocks, we shall conclude this 
pifft of the subject with some remarks on the igneous rocks of more 
recent times. Among these there are some which have been in a 
state of igneous fluidity ; these are called lavas. They run down 
the sides of the crater, for a considerable distance, and on becoming 
cool, harden, and are susceptible of being shaped into blocks, or 
more properly speaking, into plates, from which various ornamental 
articles are made, and which resemble beautiful polished marble of 
different colors, but especially green marble. 

Lava is generally composed of felspar and augite. When the 
fbnner predominates, it constitutes li(jfht-colored,felspathic,OT trachytic 
btva ; ii the latter is in excess, it constitutes darky augitic or basaltic 
lava. Some lavas have a \itreous structure, as the obsidian or agate 
of Iceland, which has completely the appearance of glass. Volcanic 
glass has often an enamelled or pearly appearance, and is found in a 
capillary form. 

The pumice stone is the best known of volcanic productions. It 

* It should be undentood that the terms volcano and volcanic are applied 
pafyU> Ae Yckaooeg of the present epoch, unlees the oonUttrj Sa «e^«[^^ 
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is simply vesicular trachytic lava, and may be considered its fix>tL 
Sconce are vesicular bassutic lava. Both are produced by the access 
of steam or other gas to the lava. 

Pozzuolanas have not, like lava, experienced an igneous fluidity. 
They are substances of a more argillaceous nature than those whidi 
have formed the lava. Having less sulphur in their composition, 
they have been able to resist the action of fire, which, instead of 
scorifying them, has only served to calcine and bum them. Heavier 
than the scoriae, they fafi near the centre of the volcanic mountain. 
United to hme, they form a cement of the greatest hardness and 
durability, which the Romans used in preference to every other in the 
construction of their aqueducts. 

Volcanic ashes are discharged from the craters, in the midst of a 
column of smoke, and are then driven by the winds to great distances. 
Those of Etna are carried to Malta, and even to Africa. When 
these ashes are still suspended in the atmosphere, and when the va- 
pors which are at the same time dissolved in it, happen to condense, 
the mixture which thus takes place occasions those earthy showers 
which fall at a great distance from the volcanoes. These ashes, 
from the extreme minuteness of their particles, introduce themselves 
everywhere, entering even into closets where provisions are kept, and 
vitiating every ai'ticle of food ; but this inconvenience is compensated 
by the advantage which accrues from their fertilizing the grounds 
ravaged by burning torrents of lava. 

Volcanic tufa is a substance produced by the agglutination of 
volcanic ashes, or fragments of scoriae. The muddy eruptions which 
take place in certain volcanoes, or the infiltration of limestone, sup- 
ply a cement. Masses of day, or liquid mud, in rolling over the 
dnders thrown out by volcanoes, incorporate with them. At other 
times, the volcanic substances, in flowing into the sea, may be ag- 
glutinated there, by a stony cement held in solution by salt water. 



§ XXXn. — Strawfied Rooks, 

After what has been already said, we need only describe the com* 
position and structure of the principal rocks, of this most extensive 
and important class. 

Gneiss is only granite which has been disintegrated and stratified 
by the agency of running water. 

Mica slate is a mixture of mica and quartz, in which the former 
predominates. Tliis rock is of very common occurrence, and often 
shaundB with garnet and staujrotide. 

/tiiM»tofie is geiDfirdiy ^ut%^ ctt>^^ 
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erTBtalfine, and Hence sometimes termed saccharine; but sometimeA 
it is dark and earthy, from being mixed with other rocks. 

Talco8e slate consists essentially of talc, sometimes mixed with 
felspar, limestone, and hornblende. 

Hornblende slate consists mostly of hornblende, often mixed with 
fl^jpar, quartz, or mica. 

Quartz rock is composed of quartz, either pure, or mixed with 
mica, felspar, talc, hornblende, or clay slate. 

Clay slate (otherwise called argillaceous clay or schist,) consists 
mostly of pure alumina, of a fissile structure ; but some varieties 
contain other substances. 

The preceding list includes the most important of the rocks vaii- 
oosly termed primary, non-fossili/erous and azoic. They follow no 
regular order of superposition, and are all of unknown thickness. 
They are all distinguished by their hard, crystalline structure, the 
absence of all remains ofplants or animals, and their passing insen* 
nbly into each other. They are always situated below, and never 
above fossiliferous rocks. All the following rocks contain organks 
remains, and occupy the positions here assigned to them, beginning 
with the lowest 

The protozoic rocks consist chiefly of day slate, and limestone, 
with some sandstone, the latter being composed mostly of quartz* 
This system is largely developed in Wales, and in New York state ; 
and hence it is sometimes termed the Silurian and Cambrian, and 
the New York system. It is also called the graywach and transition 
mtem. THe rocks are hard, and sometimes crptalline. The total 
thickness of this class exceeds 20,000 feet. 

The deutozoie rocks consist mostly of coal, sandstone, and lime- 
stone, with some slates, gritstones, and rock-salt. The rocks of this 
class are still firm, though softer than those below; but the crystal- 
line structure seldom occurs. From the abundance of coal in this 
series, it is often termed the carboniferous system. Its thickness is 
estimated at about 17,000 feet. 

The tritozoic rocks consist mostly of sandstone, generally colored 
red by the peroxide of iron ; but limestone, marl, and gjrpum occur, 
snd a large quantity of rock-salt. The thickness of the whole is 
about 900 feet 

The tetrazoic rocks consist mainly of lime, under various forms, 
day, and sandstone. The rocks of this series are rather soft and 
perishable. They frequently present an aggregation of small cal- 
careous globules, resembling the roe of a fish; hence they aror 
termed the oolite (egg-stone) series. The total thickness is about 
8,000 feet 

The pentazoic rocks are composed mostly of chalky mt^t\SiiL<^ 
wiHh 8<m0 green aandj and marL This, and aSX ^<^ Ti<^^^t to^us vk^ 
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decidedly soft and loose. From its constituent element, tiie penta- 
zoic group is often termed the cretctceotis (chalky) system, or simply 
the chalk. Its thickness is about 1,500 feet It is well developed in. 
several parts of northern Europe, but does not, so far as is known, 
occur in North America. 

The kectozoic rocks consist of clay, limestone, marl, gypsum, and 
sandstone, often overlaid with what we have already described under 
the tide of drift. This consists of blocks of various kinds of rock, 
generally intermixed with gravel, sand, and clay. This series is 
otherwise termed tertiary and supercretaceous. Its thickness is about 
2,000 feet. 

The keptazoic rocks consist of all modem formations, such as peat 
bogs, soil, deltas, coral reei^, sand hills, &c Its thickness varies from 
a row inches, to 25 or 30 feet. 

All the classes above the azoic, contain the remains of animals 
and plants, each having many peculiar to itself ; and this fact is the 
basis of the classification, which is due to President Hitchco(^ of 
Amherst College. 

It must not be supposed that all the series mentioned in this sec- 
'tion are found in any one place. They are all wanting in many 
localities, where the ancient granite overlooks more recent formations. 
In some countries, however, most of the series occur, the older gen- 
erally occupying the higher grounds. Thus in England, the western 
parts consist of azoic and protozoic rocks ; and, as we go eastward, 
we meet successively with most of the subsequent series, till we 
reach the heptazoic deposits, on the coast of Norfolk. In such cases, 
the more recent rocks occur as we descend. High mountains gen- 
erally consist of igneous or azoic rocks, which are often flanked by 
the protozoic and deutozoic ; and the more recent are found in the 
▼alleys, or on the plains and sea coasts. Sometimes a very ancient 
rock is found inunediately below one of the most recent, as primary 
limestone below common soils, several of the series being absent 

All the stratified rocks, except the two latter classes, have been 
much broken and disturbed by the sinking of some parts, and the 
elevation of others. This is particularly true of the older rocks, 
which j&^quently present evidences of the wildest conftision, and most 
terrible upbreakings. All of these classes are more or less inclined, 
and the strata are sometimes quite vertical. The more recent rocks 
are generally less inclined, and frequentiy horizontal. 
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PART V. 

PAL^JONTOLOGY, OR DESCRIPTION OP ORGANIC 

REMAINS. 



g L — Classifioatiok of Fossil Rsmahts. 

The fossil remains of oiganic beings maj be viewed as so many 
geological medals, but medals without a date. They may be dis- 
tributed into three classes, viz., remains which have preserved their 
natural state, at least in part, petrified substances, and impressions. 

The first class consists principally of bones, and even of whole 
skeletons, which, after having been deprived of the skin and flesh 
that covered them, remain buried in the earth or concealed in deep 
caverns. Sometimes they are calcined totally, or in part, without 
having lost their configuraticMi ; sometimes they retain not only their 
texture, but even a certain portion of skin and flesh. We occasion- 
ally find them incrusted with a calcareous covering. 

Fetrifactions, taking this term in the ordin^ sense, compre- 
hend all the stcmy substances which have the figure of an organic 
body. There have been instances where a liquid, impregnated with 
itony particles, has flowed into a cavity formed by an organic body, 
whim had disappeared. In that case, the stony mass has flowed 
into the empty cavity, and assumed the exterior form of the or- 
ganic body which was there before. If this body was, for example, 
a branch or trunk of a tree, the stone will have knots and wrinkles 
on its exterior, but in the interior it will exhibit all the characters 
of a real stone. It wiU only have the form of the substance which 
it has replaced. While the process of decomposition is going on 
gradually, and obviously in a vegetable or animal subst^ce, it is 
sometimes surrounded by a fluid containing solid matter in solu- 
tion. As each organic particle dissolves and disappears, a stony 
particle replaces it Thus, particle after particle, the stony sub- 
stance gradually occupies the spaces left vacant by the progressive 
decay of the vegetable or animal parts; and, being momded in 
these cavities, it copies, feature for feature, the contexture of the 
organic body. Thb is the way in which it is usual to explain the 
formation of petri&ed wood, .an imitation ao oom^i^ ol ^<^ \«i^ 
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wood, that upon entting it transyerselv, we distingaisli the appear- 
ance of concentric rings, which, in tne living tree, arise from its 
annual growth. Sometimes we can ascertain, even bj the linea- 
ments of the texture in this petrified state, the species to which the 
tree belonged. 

In a similar manner any other mineral may take the place of 
the original substance. Thus, the turquoises, for example, are the 
jaw teeth of some large sea animal ; a metallic substance which 
has penekated them has been gradually substituted £)r the softer 
part of the bone. 

The principal mineralizers are Hmestone, silica, day, and the 
oxides or sulphurets of iron. The oves of other metak are of com- 
paratively rare occurrence. limestone is the most genera) of all. 

Impressions are found between the laminae of certain argillaceous 
slates ; they are the nxxulds representii^ skeletons of animals, par- 
ticularly fish, leaves, reeds, and entire plants, especially of the fern 
kind. 

To all appearance, as Brugnieres explains it, the fern placed upon 
soft clay has been cohered over again with a new deposit. After- 
wards, this plant, reduced into a carbonaceous substance or pene- 
trated by the minute particles of the schistous deposit, becomes 
incorporated and identified with it; and, as the snrjGEice of the 
fructifications is unequal, that opposite being more smootib, it jb 
natural to imagine mat there has been less cohesion between the 
day and this smoother &ce. Hence the reason why ttaa latter face 
generally presents itself when the leaves of the clayey sdiists are 
separated. We shall now speak successively of the different dassea 
of fossil remains^ 



§ n. — ^Yeoetable Bemains. 

SometinKS only the exterior forms of the vegetables are pencepti- 
Me ; at other times the different rings of the wood and bark are to 
be distingxrished. They have been found on heights where they 
do not grow. A tnmk of a petrified tree has been met with upon 
Moont Stella, in the Grisons, 4,000 feet above the level where the 
last shrubs grow. Some have been met with, which present to us 
the most delicate traces of Ihe structure of flowers. They sometimes 
represent in<£genous plants, or such genera as are natives of neighr 
boring countries ; but those ci temperate regions have more finequently 
a tn^cal, or ultra4ropical character. Bernard De Jussieu res 
marked, about a century ago, that the greater part of the fossil plant- 
whkb are found in the bituminous slates of Saint Chaumond^ near 
Ifom^ w«fe iofKoga to that dimaW* 
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Ddkmetfaris hm shown, tiud the elastic tmi gam of Derby- 
flhire was the caoutchooc, which now grows only in Peru. The 
Ibflsil plants of the ooai formation exhibit tree-ferns and pahns 
much laiger than any now found on earth ; and such remains have 
been found as for north as MdviUe Island, in latitude 75^. The 
largest of living lyoopodiaoee, or club-mosses, for example, are only 
3 feet high, while the fossil are found 70 feet high ; and fossil-tree 
ferns occur 50 feet high. The recent equiseta are seldom more 
than half an inch in diameter, whereas the corresponding genus in 
the old rocks was sometimes 14 inches in diameter. As we ascend 
h%faer in the rodss, vegetatkm gradually becomes more Hke that of 
the present day. In the oldest rsdks ^werless plants predominate. 
In the deuto«»c period, ferns, pines, palms, and dub-mosses were the 
principal plants, giving the earth a very imposing, but somlH^ ap- 
pearance. Many of ^ fossil plants are entirely unlike any existxi^ 
species — such as the calamites and the ngillaria. Some genera, 
again, are found m almost every period, sudi as the pines and palms; 
althottgh they were oomparativdy much more abundant in the earlier 
period. The number ot qpecies of plants aheaKfy discovered amounts 
to neariy 12,00o! 



§ m — Fossil Shells* 

Among the remains of Uie animal kingdom, sheOs aie the most 
abundant They are found in all the great formations ; but are most 
abundant in teiiiaiy and calcareous roc^. France furnishes us with 
numerous examples. 

The environs of Paris alone supplied Lamaik with more than 60 
species. In the environs of the town of Rheims are found quarries, 
filled with transparent bdemnites, with sea urchins, and with pyrites 
of difierent forms. There, likewke, are to be found, in mingled con- 
fosioii, eomua ammonis, fossil talc, petrified wood, and pieces of 
pottei^s earth, foil oi impressions of leaves, llie Canton of Oourta- 
quer presents a baid: ci more than 60 kinds of shells, of more than 
20 miles in length, and nearly 6 in breadth. It contains a number 
preserved entire, and some have even retained their polish and their 
cc^or. All the plains of what was formerly called the Isle of France, 
present vast banks of calcareoiK and sandy stones, filled with, or 
rather composed of shells, some bdonging to the kinds which in- 
habit our seas, and others different. In Touraine is one continuous 
bed of broken shells, of about 81 square miles in superficial extent, 
and 20 feet thick. The whole mass of shells is estimated at 1,360 
millions of cubic yards. 

The other conntnes of Evaope are not leas ibondismSb \sl 5ai^ 
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sheDs. Twenty pages would be insuffident to enumeniletiheplaeefiin 
Geraiany where tihey are found. But there is one general remark 
of the Grerman geologists, that is highly desenring of attention. The 
calcareous and daly transition rocks in the chain of the Hartz Moun- 
tains, contain o^ zoophytes, such as madrepores, miUepores, and 
terebratulites. The stratified rocks, considered the most ancient, con- 
tain zoophytes, belemnites, ammcHiites, encrinites, pentacnnites, and, 
in a woixl, shells the most remote from the actuiJly existing kinds. 
On the contrary, the most modem calcareous rocks, those of Mount 
Bolca, near Verona, and the hiUs of chalk, in Ei^land and Zealand, 
enclose kinds approaching to those which now exist, — such as the 
ostracites, pectimtes, buccinites, nautilites, chamites, and others^ 

The noiih and south of Europe do not yield to the central parts in 
this respect The calcareous rocks of Boetwick, in Sweden, 3,000 feet 
above tae sea, — the v^etable earth of flnland, — and the ar^laoeous 
beds of Norway, abound in shells, some whole, others almost changed 
into earth. In Italy we see, near Bologua, a bed of sand formed firom 
comua ammonis, which are not one line in thickness. In Greece and 
in Spain we often travel over nothing but shells. Ramond has found 
them in the Pyrenees, on the summit of Mount Perdu, at a height 
of 10,578 feet Lamanon has found them in the Dauphinese Alps, 
at a height of 7,446 feet ; Guerin, on Mount Yentoux, as high as 
6,162 feet; and Saussure, in the Alps of Savoy, at 6,104 feet It 
may be affirmed, with certainty, that, throughout Europe, wherever 
there is chalk there are shells. In Great Britain alone, upwards of 
1,500 species have been discovered. Many of these resemble shells 
that are now found only in the trc^ical regions ; and the same re- 
mark applies to the fossil shells of all other countries. No land or 
fresh water shells have been found below the tertiary rocks. 

Everything concurs in leading us to consider the other parts of the 
world as perfectly similar to Europe, with respect to the abundance 
of shells. The vast heaps of echini, which exist in Lybia and in 
Barbary, have been described by Shaw ; — and we learn from Roemer, 
that shells are found in the gold mines of Akim, in Guinea. Mount 
Lebanon is, in a manner, sown with echini, and Mount Carmel with 
petrified oysters. In the chains which border on the Caspian Sea, 
shells are found even at a height above the region of the clouds. 
We see beds of them interspe»ed among the ro<^ of Mount Taurus, 
inCaramania. The mountams of China, according to the Jesuits, are 
covered with them ; and Siberia has offered to Russian travellers, 
not only caldned, but pyritized shells, and also madrepores. The 
sphinx and some of the Egyptian pyramids are composed of lime- 
stone, which so abounds with nummulites, or coin-sheUs, as to be 
tenned nommulitic limestone. The plains of Hindostan abound with 
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Hie ooesto of Timor, of New Holland, and a great many other 
ooeanio lands, are composed in great measure of accumulations of 
marine testaceous aninials. 

With regard to America, the United States and Canada contain 
enormous beds of calcareous matter, abounding with shells, espe- 
cially the sea-board states. Humboldt observed the high chain of 
the Andes covered over with ostracites, or petrified oyster shells, at 
an elevation of 13,200 feet 

CkHisidering that they must have existed many thousands of ages 
ago, the perfect preservation of shell fish is sometimes siu^rising. 
Spedes resembling the cuttle-fish, for instance, have been found 
with the ink-bag as good as if the animal had just been caught. 



§ IV.— Fossil Fish. 

The remains of othw sea animals are less abundant. Next to 
the testaceous kind, fish are the most frequent. They are found 
in Switzerland, near Glarus, in the clay slate; in Germany, in 
marly slate ; in E^ypt ; in Syria ; in the calcareous rocks of the coast of 
Coromandel, and in several mountains of China. But perhaps no 
place has furnished a greater number than Mount Bolea, near 
Verona, in Italy. France has furnished some very curious speci- 
mens. There has been discovered at Grandmont, in Burgundy, a 
fish in a mass of gray, calcareous stone. Another, which was 10 
inches, 10 lines lon^, has also been found in a solid bed of stone, at 
17 feet depth, at Nant^rre, near Paris. It belongs to a tribe simi- 
lar to those which live in the equatorial seas. Upwards of 500 
species oi fossil fish have been discovered in Britain. 

Shark's teeth are found almost everywhere, sometimes adhering 
to the maxillary bone. The calcareous rocks which border all the 
coasts of the Mediterranean, afferd them in great quantities ; they 
are frequently seen in livonia, in the Uralian Mountains, and in 
the steep shores which form the margin of the rivers of Siberia, 
One of an enormous size was found in North Carolina. From the 
size of the tooth, the shark must have been from 70 to 100 feet 
long. Sharks seem to have abounded during every geological 
period ; and more than 150 fossil species have been discovered. In 
all the rocks below the pentazoic or chalk, the fishes are all desti- 
tute of scales, and are covered with bony plates, whereas the exist- 
ing species are mostly covered with scales. Those of the older 
rocks further diflfer from most of the existing species in being ketero- 
cercalj that is, they have the spine running into the upper part of 
the tail, which is much longer man the lower lobe, as in the shark ; 
whereas the &h of the preaent period mostly \iav^ tk*^ \;Ki!L hfmf)r 
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cereal, that is, the two lobes are equal, and the spine does not ex- 
tend into either, as in the sahnon. Hie lar^t fishes of the <dder 
rocks further differed from most of those of the present period in 
resembling lizards in the formation of the skull, spine, teeth, and 
akin; and hence they are termed sauroid, (lizard-like.) Some of 
them must have been larger than crocodiles. Only two living 
genera of this kind are known. 

The different formations described in the last section of the pre- 
ceding part are characterized by peculiar species of fish ; for the 
same species has never been found in any two of them. Another 
remarkable fact is, that they do not change gradually, as we pass 
from one formation to the other, but abruptly ; and these changes 
were simultaneous with changes in other animals, and in plants. 
This indicates that existing species were suddenly destroyed by a 
general upbreaking of the earth's surfEice, and other species soon 
after created, more suited to the altered condition of the globe. 
The present period forms the seventh, which exhibits its own pecu- 
liar animals and plants. 

Fish are found in all the great formations, from the protozoic 
upwards, which is not the case with any other class of vertelnrates. 
Agassiz reckons the number of species of fish that existed during 
ill the geological epochs at 30,000. The number of hving species 
known is only about 8,000. 

Under this head we may mention a kind of cmstaceous animal, 
, formerly very prevalent, called the trilobite, because they were di- 
vided by longitudinal furrows into three lobes. They appear to 
have swarmed in the waters of the protozoic period, as more than 
200 species have been discovered in its rocks. The whole class dis- 
appeared with the deutozoic or next period, which exhibits only a 
few species. No such animal appears to have existed for countless 
ages. The largest ever found was in Ohio. It is IQ-J- inches long. 

Some fish have been forcibly and suddenly enclosed in the sub- 
stance which contained their impression, or their cast in petrifrtction. 
We can still perceive the violent and convulsive contortions into 
which these animals had thrown themselves, to escape the terrible 
catastrophe of which they are the moniuuents. 



§ V. — ^Fossil Reptiles, Inssots, and Birds. 

The fossil remains of reptiles are very numerous and interesting. 
The most important are those of the sauriana, animals of the lizard 
kind, which first appear in the deutozoic or carboniferous period, 
although they do not become numerous or important till we come to 
tie tei^Mzoic or ooMc peonod* (M thk «|^Qdi^tb«f «|^^^ear to have 
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been tke roHng animak. No less tluui 28 species have been foand in 
Britain alone, mostly in tke tetrazoic rocks. One of the most inter- 
esting is the ickthf08amrus, or fish-lizard, sometimes upwards of 30 
feet Smg. It had the snout of a porp(Hse, the teeth <^ a crocodile, 
the head of a lizard, the backbone of a &h, the breastbone of an 
omithorhynchus, and the paddles of a whale. The orbit oi the eye 
in one species, was 14 indies in diameter. The length of the jaws 
som^imes exceeded 6 feet. The eye had a contrivance by which it 
could see by night as well as by day. It inhabited the ocean. Ten 
i^pecies of this smgular animal have been discovered. The plesioeau- 
ruSy (nei^bor-sattrian,) resemUed the former in many respects, but 
it was miKJi smaller, me largest skeleton yet discovered being only 
11 feet long, and its neck was much longer. It was also a sea ani- 
maL Of WIS kind 16 species are known. 

The two preceding genera disappeared with the tetraioic period ; 
and they are succeeded in the next by the mommmrus, or saurian of 
the Mease, so called from its rnnains having been found on the bank 
of that river. Remains have also been found in England. This 
aninud was about 25 feet long, and disappeared with the chalk, 
like the two preceding genera, k was marine. 

Of land saurians, one of the most remarkable was the me^hsau" 
rus, (great saurian,) which somewhat resembled the ciDCodile, and 
was 30 feet long. Its teeth combined the principles of the knife, 
the saw, and the sabre. At the same time uved the kylMosaurus, 
(wood saurian,) a similar animal, about 25 feet long. 

All the above saurians were carnivorous. The igutmodtm^ ^guana- 
toothed,) was a kindred animal, but herbivorous. It is the largest 
bnd animal whose remains have yet been discovered. Its length 
was 70 feet; girth of body, 144- f^t; of thigh, 7 feet; and length 
of the hind foot, ^ feet Its remains were found in the south of 
Englaad. The above length was made out from comparing the bones 
found with those of the iguana, which it greatly resembled, as no 
comply skeleton has yet beten found. Another very large animal 
of this class was the cetiosawrfu^ (whale-lizard,) which was 60 feet 
long. 

More strange, though much smaller than the preceding, was the 
pterodactyl^ ^ring-fingered.) To call it a winged lizard, would only 
express a small part of its anomalies : for it had the beak and neck 
of a bird, (though the beak was singular in having some sixtv sharp 
teeth,) the wings of a bat, and the body and tail of a mammal. The 
fcH-earm was elongated to support the membranous wing, from which 
projected fingers terminated by long hooks ; its eyes were of enor- 
mous size. Eight species have been discovered, the largest being 
about the size of a cormorant Its remains were found in England 
and in Qermany, 
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Tartoiies of all kinds have been found fossil, in all the rocks above 
the carbonifeFons. Some of these were of huge size, one whose 
remains were found in India measuring 20 feet across. The whole 
number of species of reptiles discovered exceeds 300. Insects first 
appear in the deutozcHC or carboniferous rocks. The number of 
i^)ecies found fossil, (about 70,) bear no proportion to those of the 
present period : but we must not infer that thej were not numerous 
m early times ; for Iheir f^ and light bodies are not so easily pre- 
served. 

No remains of birds have been found lower than the tetrazoic 
rocks ; but Professor Hitchcock discovered the footmarks of many 
species on tritozoic rocks, in the Connecticut valley. Some of these 
were very small, and others of enormous saze. In one instance, llie 
footmark was 17 inches long, and the step 4 or 5 feet; in another, 
the mark was 2 feet long, and the step 6 feet. This would indicate 
that the birds were much larger than any existing species. Only 
about 50 fossil species of birds have yet been discovered ; but they 
probably bore as great a prop(»*tion to other animals formerly, as 
they do at present ; for their power of flight would prevent ^em 
from perishmg in circumstances where their remains w^re likely to 
be preserved. 



§ VL — ^Fossil Mammals. 

With the exception of a few remains of marsupials, (the lowest 
class of mammals) found in the tetrazoic rocks, no remains of mam- 
mals have been found below the hectozcHc or tertiary rocks ; but 
here they suddenly become very abundant. The genera are the 
same as those of the present period ; but they are of a larger size, 
and of a different species. The genera were very numerous, and 
included horses, cows, deer, sheep, goats, lions, bears, wolves, hyenas, 
hares, rabbits, mice, rats, elephante, mastodons, rhinoceroses, hogs, 
and cats. The remains of quadrupeds are found accumulated in 
regions where similar animals do not now exist. Some are buried 
deep in beds of gypsum, such as ^e pcdceotherium, (ancient beast,) and 
the anoplotherium, (unarmed beast,) which Cuvier may be said to have 
resuscitated, and which, with their different varieties, are found in 
beds of sand in the environs of Paris. The former genus was like a 
horse, but more thidc and clumsy ; the latter resembled the deer. 
Others are met with in beds of sand or marshy ground, as the greater 
part of the bones of elephants, the megalonyx^ (great onyx,) an im- 
tmown animal of the sloth tribe, having the snape of an ox, and 
found in Virginia ; the megatherium^ (great beast,) found near Buenos 
Ajres and Geoigia, and having tke (dxsnyc^T oi Xb^ ik^mth a 
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bulk larger than the rhinooeros. Its body was 12 feet long and 8 
high ; it measured 5 leet across the haunches, and its th^h bone 
was nearly thrice as thick as the elephant's. There are some which 
present themselves to view, accumulated in vast caverns, and destitute 
<^ any envelc^ ; it is thus that the fossil bear has been found in tiie 
caverns of Ghulenr^uth, in G^ermany. The fossil remains of this 
genus are spread, as well as those of marine animals, all over the 
hce of the globe. The fossil elephant, which is of a species entirely 
different fix>m those of the present day, has left proo& of its ancient 
existence in all Europe, in northern Asia, and m North America. 
We know that Siberia always exports annually a great quantity of 
fossil ivory, a substance whidi abounds in that country. It is almosi 
always seen where the waters of the rivers undermine the light soil 
whicA forms their borders. The Islands of Lachov, situated to the 
north of Siberia, are, according to a modem traveller, only heaps of 
sand, ice, and bones of elephants and rhinoceroses, mixed with those 
of great cetaceous animals, and even, agreeably to the latest aocountSi 
with the remains of gigantic birds. 

There have been found in Siberia whole carcasses of the species of 
elephant called mammoth, covered with flesh and skin, which the 
frost that prevails in these r^ons has preserved entire. In Europe, 
the greatest number of these have been found in Germany, ItiQy, 
France, and Britain. 

Some elephant's bones have been brought from the upland plain 
of Quito, by Humboldt It has been estimated that from the Big 
Bone lA^ in Kentucky, alone, the bones of 20 elephants have been 
carried away. 

Next to the mammoth, or fossil elephant, we should mention the 
nuistodon, (teat-toothed,) an animal nearly similar to the elephant, 
and like him, graminivorous, but distinguished, besides other peculi* 
arities^ by the form of the teeth. This animal, which is sometimes 
oon&mnded with the mammoth, or fossil elephant, (of which there 
are five distinct kinds, all unknown in a living state,) has left its im- 
posing and astonishing remains upon both continents. At least 
seven species have been found fossil, (some say 13,) three in Europe, 
one in India, two in South America, and one in North Americai 
That found in North America is the largest It is upon the banks 
of liie Ohio, and c^ the Hudson, or North River, that the best 
specimens of the mastodon have been found. They have also been 
met with in Louisiana. Two nearly complete skeletons were found 
in Orange County, New York. That found near Newbui^h, in 
1845, is perhaps the finest ever discovered. It was found in a peat 
bog, with marl below. Its weight is nearly one ton. 

The fossil bones of the rhinoceros and hippopotamus^ are found in 
the vicinity of the remains of the elephants. The most remarkable 
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temams ci the rhinoceros, is &e head, which has be^i taken ottt 
afanost untooched from tbd turf pits, on the Wiloni, a river of Si- 
beria. 

Besides the megatherium, aheadj mentioned, another remarkable 
animal, allied to Vie sloth, was the mylodon, (mill4oothed,) whose 
pelris was larger than the elephant's, and whose tail was so remark- 
ably large and starong that it probably used it for support in sitting. 
IIb remains are found in South America. 

Of all the mammals that ever existed, the largest, as &r as we 
know, was the dinotherium, ^rrible beast,) an animal resembling 
ihe tapir and the mastodon. Its remains have been found in FVance, 
Austria, and Central Germany. Its length must have been about 
18 feet It had two enormous tusks, like those of the walrus, on 
the lower jaw, 4 feet long. It is supposed that it lived chiefly in the 
water, like the hippopotamus;^^ • 

The horns of fossil oxen af^ feund'31 in^es' long; and those of 
{he fossil elk were more flian 10 feet asunder at the tips. A perfect 
skeleton of this animal was found in the Isle of Man. It is now in 
the University Museum, at Edinburgh, beside that of a large Swedish 
«ik, which looks very puny beside it 

Many fossil mammals have been preserved in caverns. Some- 
times they appear to have retired thither to seek a shelter from 
some sudden revolution, the irresistible violence of which, notwith- 
itanding, involved them in general destruction. At other times they 
seem to have lived there ; for the cavern is full of the gnawed bones 
c€ jM^, which they seem to have dragged into their dens. The 
bones are sometimes encrusted in stalagmites. Oaves of this kind 
occur in England and in Germany. The remains found in the latter 
are chiefly those of bears, one kind of a huge size. The caverns 
sometimes appear to have been inhabited by these animals for a 
long series of ages, as in one instance several thousand skeletons 
were found in one cave. In the English caves the renaains of hye- 
nas are common, an animal not now round in Europe. And it may 
be remarked, that in general, organic remains frequently differ very 
widely from those of living animals in the vicinity, or even in that 
quarter of the globe. 

The occurrence of drift at the mouth of caverns containing bones, 
and sometimes within them, indicates that the animals whose re- 
mains are there entombed, perished by a sudden rush of waters. 
Bie supposition we formerly mentioned regarding the cause of the 
drift, suffidently accounts for the sudden disappearance of so many 
n>ecie6 throughout the northern regions. The hypothesis of a sud- 
den revolution in the temperature of the globe is not only contra- 
Ajted by the nature oi the flora, but unsatisfectory otherwise. 
Fct it woald huve still permitted the soimala to «i^k another habi- 
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tation. Nothing besides, in the structure of these animals, posi- 
tively announces that they could not have lived in a cold cliinate : 
only the quantity of nourishment which some of those huge ani- 
mated masses required, and their numbers, proved by the existence 
of the carnivorous kinds, render it probable that the countries 
where we find tkerr remains once enjoyed a temperature, if not 
warmer, at least more &vorable to v^tadon. 

The total absence of human bones, in these different collectioDS 
of remains, proves that man did not exist anterior to the last revolu- 
tion of the globe. Some human remains have indeed been found 
in ancient rocks, but only in cases where they were placed there for 
interment As every geological epoch witnessed the mtroduction of 
a higher class of animals, the present — ^and in all probability the 
last, while this globe endures — ^witnessed the introduction of Man, 
who, with all his defects, is still ^ the chiefest work of God below.'' 

8 



DIVISION FOURTH. 

METEOROLOGY, OR DESCRIPTION OP THE ATMOSPHERE, 

AND THE PHENOMENA DEPENDENT ON HEAT, 

UG^T, AND ELECTRICITY. 
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PART I. 

DESORIFTION OF THE ATMOSPHERE, AND ATMOSPHERIC 

PHENOMENA 



§ I. — ^Preliminary Remarks. 



Having gratified our curiosity with contemplating some of the 
wonders of the earth, we p'oceed to the consideration of the vast 
fluid with which it is surrounded, and which may be said to consti- 
tute an integral part of the globe itself. This celestial ocean, which 
is called the atmosphere, — ^that is to say, the sphere of vapors, — 
forms the subject of our present discussions. 

The atmosphere is the grand laboratory of nature, in which the 
various gases exhaled from our globe are collected together, and 
distilled, mixed, decomposed, volatilized, condensed, or precipitated 
in an endless round, according to fixed laws. All terrestrial beings 
pay tribute to the atmosphere; all receive from it the prindples 
necessary for life. There is perhaps no substance which could not 
be reduced to the aeriform state by intense heat, and which could 
not be rendered solid by intense cold. Were this planet transported 
into the temperature which Mercury possesses, a part of our sea and 
of our land would evapwate and mingle with the atmosphere ; and, 
on the other hand, should our globe, at any time, wander towards 
the cold regions of Saturn or Uranuus, a great portion of the vapors 
in our atmosphere would be condensed, and pass to the solid form. 
Our atmosphere, therefore, may be thus defined : — the assemblage 
of all substances capable of preserving the aeriform state, at the 
de^e of temperature which prevails around the terrestrial globe. 

The tttmoepheric fluids may be divided into three elates: the 
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£rst oomprehendB pure air, or atmospHeric fluids properly so called ; 
tiie aeoond ocHiaiata of aqueoua vapor and carbonic add, which are 
always present in the atmosphere ; and the third is composed of the 
yarious gases oocasicniaUy suspended in it, and which differ widely 
in different localities. 

The color of air is a fine light blue. But the atmosphere of vari- 
ous countries derives a peculiar tinge from the vapors it contains, the 
degree <^ rare&cti<», and the amount of solar light which fiEdls upon 
it In cold countries, its blue is generally less brilliant, because it is 
seldom free from vapors, and the %ht is more feeble. For these 
reasons the sky of France is of a desaet blue than that of England ; 
that of Italy surpasses both ; and this is very inferior to the crystal- 
line cerulean of the isles <^ the Pacific 



§ n. — Composition o7 the Anu 

Common air, whidi forms the greatest part of the atmosphere, is 
not a simple element Modem chemistry, by analyring and again 
compounding it, has proved that there are two substances which 
necessarily enter into its composition in very different proportions, 
riz. : oxygen and nitrogen, otherwise termed azote. 

Hie essential prc^rties of air depend on these two gases ; but as 
steam, or aqueous vapor, and carbonic acid gas are always present, 
they are properly considered constituents of the air. The quantity 
(^ carbonic add is always uniform where there is a free drculation 
(^ air, being the same at the sea level and on the tops of the highest 
mountains, at the poles and under the equator. The quantity of 
aqueous vapor differs widely, according to drcumstances ; but it is 
generally within certain moderate limits. Professor Brande, of Lon- 
don, gives the average ordinary constitution of the air as follows, 
(Hnittdng the third dass of substances mentioned in the preceding 
section : — 

By mearare. By weight 

Nitrogen, 11.50 75.56 

Oxygen, 21.00 23.32 

Aqueous vapor, 1.42 1.03 

Carbonic add, 0.08 0.10 



100.00 100.00 



Such a compound forms a very pure, healthy air. 

Some think that because hydrogen, or inflammable gas, is much 
lighter than air, it must rise to the upper regions, and form an en- 
velope around the atmosphere. This is one of the many erroneous 



^opnions apt to be held by sciolists. Gases difiuse themselves throagk. 

' «ach other till they are intimately blended, no matter how muck t 
their specific gravities may differ ; and no gas thus diffuses itself 
"more rapidly than hydr(^en, the absence of which from the lower -! 
regions of the atmosphere, therefore, proves its non-existence in tb^ n 
Tipper. The little that occasionally escapes into the atmosphere, i* 
gradually united with oxygen, by means of the electricity which i» a 
in constant operation in every part of the world, and thus converted ^ 
into water. r 

The principal other gases occasionally intermingled with the air 5 
are carbureted hydrogen, (otherwise termed marsh gas and Jire^ 1 
dampy) and sulphureted hydrogen, or hydrosulphuric acid. Both. ■ 
of these are poisonous ; but they indicate their presence by a dis- -* 
agreeable smell, that of the latter being particularly so. Air, how- p 
ever, is more frequentiy corrupted by the presence of an undua q 
amount of carbonic acid, which miners call choke-damp. This is n 
destitute of any disagreeable smell, and hence produces much more i 
mischief than the others, although it is not nearly so poisonous as a 
sulphureted hydrogen. It is carbonic acid that causes death in ■ 
dose rooms, or such as are heated by charcoal furnaces, and in mines 3 
and pits. It is also the cause of the headaches and drowsiness H 
which are experienced in crowded rooms, pubhc and private. It ^ 
always accumulates rapidly in such places, without a much more i 
efficient system of ventilation than is usually thought sufficient 
The very small quantity generally present in llie atmosphere, pro- 
duces no bad effect ; but when this has been increased tenfold, its 
agency becomes very injurious; yet in such places as those just •' 
mentioned, it is generally increased more than fiftyfold, while the 
yital oxygen is withdrawn. It would, therefore, be well if people 1 
would look nearer home, before speculating about the " inflammable i 
gas in the upper regions." t 

It is only oxygen gas which is consumed by animals in respiration ^ 
But if it existed in too great proportion, it would be the means of i 1 
exciting our vital spirits to such an excessive degree, that exhaustion i 
and death would soon ensue. On the other hand, nitrogen, or azote, 
(as the latter name indicates, a-z6tikos, not vivifying,) is incapable of 
supporting animal life. It is, then, the mixture of these two gases, 
oxygen and nitrogen, that renders the atmosphere so favorable for *, 
animal existence. TTie nitrogen has no bad effects upon the system, 
while it tempers the action of the oxygen, which is too violent when 
diluted to a less degree, while a greater proportion of nitrogen would 
render the air too feeble in its action. These facts have been proved 
by many experiments on mixtures of these two gases in different 
proportions. 
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§ in. — ^EiTEOTS or RBEa>i]UTioi!r ahd Coiransnoir ok Anu 

PlantB inspire carbonio acid and exhale oxygen gaa^— onlj, how- 
«rer, when tliey are exposed to tlie light of the sun. 

Gu-bonic acid is a oomponnd of oxygen and carbon, which plants 
decompose. The carbon goes to nourish their tissues, which are a 
oomponnd of carbon and water ; and tliey return the oxygen to the 
lir. The action of animal respiration is the reverse : animals require 
oxygen, both to stimulate tlie organs to due action, and to generate 
iieat, by uniting with the carbon existing in the blood. When these 
two substances unite, mudi heat is always produced ; and the result 
ii carbonic add. This n extremely poisonous to animals. Hence 
they are throwing it off incessantly by expiration. The effects of 
eombustion, or burning, on air are identical wiUi those of animal 
respiration : for the carbon of the fuel unites with part of the oxygen 
of the air, and produces carbonic acid. We may now see the beau- 
tiful arrangement by which the air is rendered fit to supply the wants, 
both of plants and of animals, and innocuous to either. Plants take 
ap carbolic add, which is poisonous to animals, and obtain from it 
the carbon requisite hr their growth, while they return to it the 
(nygen required by animals, l^e latter take up the oxygen, and 
letom carbonic add for the use of plants. 



§ rv. — Color ahd Wsigbt of thi Am. 

The air is a fluid so extremely rare and subtle, that it becomes 
sensible to the touch only when in motion, — ^for example, when the 
wind is blowing. In its state of purity it is equally tasteless and in- 
odorous. Although, when we view a small porticm of air, it appears 
oolorleas, yet it has a fine blue color ; and ^ the blue sky" is, in reality, 
nothing hut the blue air ; and the blue appearance of distant land 
is owing to the color of tiie intervening air. 

The andents thought that air had no weight; but Torrioelli, a 
pupil di Galileo, demonstrated the contrary. The air-^ump, the as- 
cent of water in a suction pump, and the devation of mercury in the 
barometer, are all so many proo& of this &ct The mean pressure 
of a column of air, reaching down fix>m the extremity <^ the atmos- 
phere to the level of the sea, is equal to the weight of a column of 
mercury of the same thickness, and of nearly 30 inches in height ; but 
it ranges from 28 to 32 inches. Take a tube of glass 2 feet 1 1 inches 
long, and about 2 lines diameter, closed at one end, and open at the 
other ; fill it with mercury, applying your finger to the orifee ; invert 
the tahe^ siodphkx the open end in a bann eoiitaasii^^TfiSsrax^ "^ri^ 
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draw your fboiger, and you will observe, at the same moment, the 
mercury descend in the tube, to the height of 29 or 30 inches. In 
tlie same manner, in our common pumps, the water rises to a height 
of 32 or 34 feet Now this height is to the height of the mercury, 
in the inverse ratio of the densities of water and mercury. One and 
tlie same cause operates here. It can be nothing but the weight of 
the external air which balances the mercury in the basin, and the 
water in the pipe. The average weight of the air at the sea level, 
as thus ascertained, is 16lbs. on the square inch ; being more than 
800 times lighter than water. As we ascend, the pressure of the air 
diminishes at first so that the barometer M\& about iV of an inch 
for every 75 feet ; but afterwards it diminishes more rapidly. 

The pressure which the air exerts on a man, the sur&oe <^ whose 
body is 15 square feet, is nearly 33,000lbs. ; and the variation of a 
single line in the height of the mercury, produces a change of up- 
wards of 1301b6. in die pressure of the air. The diminution of tlie 
weight of the air on veiy high mountains, comHned with other cir- 
cumstances, occasions vertigoes, nausea, hemorrhages, and a feeling 
of g^ieral imeasiness. The air exerts a pressure equal on all sides ; 
otherwise fragile bodies would soon be broken, llie moment that 
the equilibrium of its parts is destroyed by any cause, this property 
produces an instant exertion to re-establish it^ and this is the principle 
of all its movements. 



§ y. — ^ELAsnomr and Height o7 the Air. 

The elasticity of the air is the property which it possesses of re- 
sisting the force of compression, and of recovering its original vol- 
ume, or even a volume of greater dimensions, as soon as the comr* 
pressing force ceases to act We cannot exactly compute the hmits 
of the compressibiUty and the expansibility of the air ; we know, 
however, that they are of vast extent Boyle afiOirms, that without 
the assistance of heat, he has dilated air 13, 766 times. Every one 
knows the manner in which air m compressed in an air-gun, and the 
foroQ with which it can thus be made to impel a ball. Mariotte dis- 
covered, that the temperature being the same, the pressure, or elastic 
force of air, is directly as its density, and inversely as the space it 
occupies ; and the same is true of all other permanent gases. Hence 
the denser the air, the greater is its elastic force, and vice versa ; so 
that, as it expands from diminished pressure, the power to expand 
becomes gradually less. 

Its rarefection in the upper regions must therefore have limits ; fer 
as we ascend, the force of gravity diminishes so slowly and that of 
tbe m 80 rapidly f that we ahail com,<^toaigcAii\i^\v<^^^3Dk&c^^ 
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exactly balance the otli^r. This will be the limit of the atmosphere. 
But as we do not accurately know the law of the progressive rare- 
action, we are unable to determine the precise height of the atmos- 
phere from such data. Another difficulty is that the cold in the 
upper regions interferes with Mariotte's law, and makes the height 
much less than it would be if its temperature were uniform : for the 
elastadty of all gases rapidly diminishes on the application of cold, 
as it increases by the apphcation of heat. By observing the sun^s 
position at the b^inning or end of twilight, which is about 18^ 
below tlie horizon, we can determine the height at which the atmos* 
phere b^ins to refract the rays of solar light ; and as light is so 
ethereal, and so easily refracted, we may &irly infer that there, or at 
least a little above, are the limits of the atmosphere. This gives it a 
height of about 45, or at most, 50 miles.* 

The atmosphere is supposed to be higher at the equator than at 
the Poles, but we have neither data for computing the various 
heights, nor the proportion in which they differ. 



§ YL — ^Temperature o7 the Air. 

The temperature of Uie atmosphere has a great influence upon 
most meteordogical phenomena ; but it is exceedingly variable, and 
as yet can only be determined by actual observation on the spot. 
Nothing could tend to throw a greater light on many of the unre- 
solved questions in meteorology, than a ready mode of computing 
with certainty the temperature which obtains at any instant, in a 
point of atmosphere remote from the earth's sur&ce, and at any point 
on the surface remote from the observer ; but tliese are likely to 
continue desiderata. 

What is known of the temperature of the air, remote from the 
earth's sur&ce, has been derived from aeronautic expeditions, and 
particaWly the unexampled ascent of G^y Lussac to the height of 
23,040 feet 

Leslie estimates that the temperature of the atmosphere diminishes 
1^ Fahrenheit, for every 100 yards of ascent. This, however, is true 
only near the sea level. The decrease of its temperature is owing 
to increased rarity ; and hence it is more rapid in the higher regions, 
so that at the height of 5 miles, it is 1^ for every 200 feet Many 
drcumstanoes, however, interfere with the rate of decrease, which is 
seldom uniform in two distant places, or in the same place at differ- 
ent times. The figures just given, are only mean approximations 
for temperate climates. 

* There can be little doubt that there are atmospheric tides, similar to 
tboBeofthaooean; b«ii UiBy are D»ther Bensible nor mqiortant 
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Mf . Dalton, about the oommenoement of the present century, pfo- 
poeed a theoiy of gradation of heat in the atmosphere, on the sup- 
position that the same weight of air, taken anywhere, in a vertical 
column, contains the same quantity of heat ; and hence, he con- 
cluded, that the temperature ought to be regulated by the capacity 
of the air for heat at the particular density. This theory seemed 
very plausible at the time it was advanced, and agreed well with 
what was supposed to be known of the variable capacity of the air 
for heat But simpler and more accurate experiments nave shown 
that the decrease of temperature, due to rarefaction, fax exceeds that 
observed in aeronautic ascents ; and, therefore, if such observations 
are to be depended upon, there must be other causes which inteifi^re 
with Dalton^s theory. 

The heat of the air, in one shape or other, is no doubt greatly de- 
rived from the sun, either inmiediately, by intercepting the solar rays, 
or indirectly, from its contact with the earth^s sur&ice, which is more 
or less heated, according as it is turned more or less towards the sun; * 
and thus the various parts of the air are heated unequally. Again, 
since the currents in its upper regions usually come from a warmer 
quarter, and the lower currents from a colder quarter, the decrease 
of temperature, on ascending in the atmosphere, is slower than the 
law of capacity, as increased by dilatation, requires. Sometimes, 
however, the case is reversed. 

As a lower temperature obtains in elevated situations, owing to the 
increased rare&ction of the air, so an increased temperature generally 
prevails in air occupying deep caverns and mines, owing to increased 
density of the air, independent of other influences. There are some 
mines intensely cold, and as these were first observed, the explana- 
tion offered was, that the colder portions of air had, by their greater 
weight, descended into the mines. But this solution entirely van- 
ished when it was known that mines are generally wann. The heat 
of the workmen, their fires and lights, have been stated as sources 
of heat, as likewise the chemical action of air and water on the 
minerals. 

This sufficiently proves that whatever be the sources of heat, 
some of them at least must operate in, or be situated about the 
mine itself That a high temperature obtains in the interior of the 
earth, is, in many instances, evident from the streams of hot water 
and vapor, which issue from &sures in the stj*ata; but in many 
warm mines this is scarcely observable. From what is now known 
of the greater capacity of compressed air for heat, there can be little 
room to question that this ftimishes a considerable supply, although 
the other causes just mentioned assist more or less in raising the 
tempw-ature of mines. Thus, if the air at the temperature of 
02"^ R baye ito density suddenly Vncxeaa^ \sY ^^ Vl^^2^ ^^»x^ tiba 



tempenlune wiQ be ndsed 1^, snpposiiig no best to be lost on the 
ridn of the fthaft. This would give 1^ for a descent of IVO feet, 
•wbich is still short of the rate at which the temperature is observed 
to increase in Brittsh mines ; but when added to the heat caused bj 
tte otiier agencies described, there does not seem to be any mystery 
~ '^ faighOT temperature of mines. 



§ Vn. — Aqueous Msnons. 

Water is incessantly rising from every part of the earth's sur&ce, 
irfaether land or sea, in the form of an invisible gas, or as a vapor, 
irfaich mixes with the air. This process is termed evaporation. 
The amount evaporated greatly varies with the nature of the sur- 
fitce, the temperature of the air, and the amount of water already 
Mended with it. The warmer the air, the more rapid the evapora- 
tion, if other things are the same : but where the sur&ce ot the 
ovffa is dry, the evaporation is much slower than firom waters, and 
the air will only receive a certain amount of vapor at a given degree 
of heat and density. When it has received this amount, evapora- 
tion will cease. If the air now cools, part of the water it contained 
m the invisible form of steam becomes visible, having assumed the 
farm of water : for, as air cools, the amount of vapor it will sustain 
decreases: and whenever it contains the greatest amount it will re- 
ceive it is said to be saturated^ or at ue dew-poinU Such is the 
cririn of aU aqueous meteors. 

When a mass of atmospheric steam has been condensed hj the 
cooling of the air, it forms what we usually denominate a cloud : 
if this should rest on a mountain, it is termed a mitt ; if on the 
plains or yallejrs, it is v^fog. If the small drops of mist, imder the 
mflnence of mutual gravity, unite so as to become too large for the 
air to sustain them, they £dl to the earth, forming rain. If the 
nin freezes when the drops are yet small, it becomes mow^ which is 
an assemblage of small crystals of ice : if they freeze in their 
descent, after they have become large, they form hail : if they freeze 
only partially, they form sleet. Sew is nothing but a light rain 
which fiills from a very small height, and is produced by the cooling 
of the stratum of air in contact with the ground. It differs in no 
lespect frx)m the drops deposited on the outside of a tumbler con- 
taining cold water, on a warm, damp day in summer. Hoar frost 
is amply frozen dew. 

The particles of water of which clouds are composed are sustained 
in the air by the cohesion between it and their surfaces, exactly like 
the smaU motes that we see floating in the air of a room, in the sun- 
heaim, Tbeyr cannot be thus sustained wloLen HSmsv Wi^Tt^ ^ss^^^ 

8* 
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becatue their BoAceB are now mndi flnialler in pcoportion to their 
weight Some sappose that the watery partides of doada ooosist 
of small vesicles fiUed with air lighter than the atmosphere. Ihia 
hypothesis is gratnitous and mmecessary : for the particles of duat 
to which we just alluded, are sustained without bemg hollow glob- 
ules ; and there is no occasion for any other machinery to su^Kwt 
the cloud globules. 

The size of rain drops seems to depend chiefly on the rapidity 
with which the cloud globules are formed : for if these are produced 
rapidly, many will unite and form large drops ; if they are pro- 
duced slowly, there are not so many to unite,---4liey are further 
apart, — and ihQ drops will be smaller. In tropical countries, rain 
drops are large, because the amount of water in the atmosphere is 
gpreater than in other regions, and consequently doud globules wiU 
form more rapidly and abundantly. This explanation is consistent 
with the feet that rain which forms suddenly generally consists ci 
large drops, while that which forms slowly consists of small drops. 
Another circimistance which influences the size of rain drops is the 
height from which they fall : for as they &U they gradually unite. 
The crystallization of snow is quite similar to that of sal ammoniac, 
or any gas of that sort, and therefore requires no particular eiplana- 
tion. 

Hail is produced by the rain drops meeting in their descent with 
a current of air cold enough to veeze them. Hence it is apt to 
occur during rapid and extreme changes of temperature, it is 
therefore of comparatively rare occurrence, continues only for a shcni 
time, and is very limited in extent : and if it sometimes produces 
injury to crops, it tempers the chilling blast by the great amount of 1 
latent heat set free in the act of freezmg. i 

Snow is beneficial in several ways. It not only economizea the | 
supply of water for streams, and greatly tempers l^e heat and odd ' 
of the atmosphere, but it protects roots and seeds from the inflqA^cA 
of wintry frosts : for, being a powerful non-conductor of heat, it pre- 
vents its escape firom the earth, as if it were an immense mantle of 
wool* The utility of rains and dews is so obvious that they can 
hardly escape the observation of a child. 

The amoimt of dew deposited in any place will depend on the 
rapidity with which the air cools ; those bodies which cool rapidly 
will receive most, and those which cool slowly will receive little, and 
sometimes none. Thus we may often observe the grass and metal- 
lic bodies covered with dew, while the dry dust of the highway is 
entirely free from it The grass generally receives a copious supply, 
because Uie evaporation from its leaves accelerates its cooling. 

• ''A ptvea iMW /a» I0OOZ.''— Ftalms edviL 1ft. 
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lliere » generally a dose relation between the evaporation and 
the amount of rain which falls in a country. This relation, how- 
ever, IB not constant ; for winds may cause the vapors of one country 
to descend regularly in another, as is the case in many parts of the 
world. Still, when we take an extensive re^on, the relation 
generally holds: thus the heavy rains at the equator correspond 
with the rapid evaporation ; and as the latter diminishes as we 
move towards the Foles, the annual fall of rain diminishes also. 
This is very evident fix>m the following statement of the average 
annual quantity of rain that falls in dinerent latitudes, as given by 
Humboldt 

Fall of Rain. 

Under the equator, 96 inches. 

North lat 19° 80 

" 46° 2li 

** 60° 17 

Tlie annual average at particular places differs widely from the 
above general average. At Mahabuleshwar, in the Deccan, 4,200 
feet above the sea level, it is 302 inches ; at Matawba, in the Island 
of Guadaloupe, lat 16° N., 292 in. ; at Maranham, in Brazil, 2° S., 
281 in.; at Sierra Leone, 8° N., 81 in.; at New York, 41° N., 48 
in.; at Madrid, in the same latitude, 10 inches, being smaller than 
the fell at Petersburg, lat 60^ N., which is 17 inches. Owing prob- 
acy to the narrowness of the American continent, the fall of rain is 
much greater than on the Old Continent Tropical America has an 
annual fell of 115 inches, while tropical Asia and Africa have only 
76. In the north temperate zone of America, it is 37 inches, while 
in that of the Old Continent it is hardly 32 inches. 

It is calculated that if the whole atmosphere were saturated, its 
total amount of vapor would produce only 5 inches of rain ; hence, 
the vapors of the atmosphere must be frequently renewed in the 
course of the year. As mountains attract clouds, elevated re^ons 
generally receive more wdn than lowlands ; and as the sea evapo- 
rates more freely than the land, more rain generally falls on the 
coasts than in the interior. To this, however, there are some striking 
exceptions. Thus, abundance of rain falls in many parts of the in- 
terior of South America, while very little fells on the western coast, 
because the wind generally blows from the east, and the vapors are 
intercepted before they pass the Andes* 



§ Vin.— Clouus. 

Hie watery evaporations which rise from lakes, ponds, rivers, and 
in fect^ from the whcde surfece of the earth, ascend on account of 
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tlieir elasticily and li^tness^ until the air becomes so cold and thin, 
that thej* can rise no higher, but are condensed. 

The height of the clouds ranges from 50 yards to 4 miles ; thor 
average height is calculated to be two miles and a half. Their size 
is likewise very different Some clouds have been found, occupying 
an extent of 20 square miles, and their thickness, in seme cases, has 
been ascertained by travellers who have ascended mountains, to be 
a thousand feet. Others are thin, and of small dimensions. 

Luke Howard, in his Essays on Clouds, divides them, with respect 
to their forms, into three simple and distinct classes, which he names 
and defines as follows :— • 

First, Oirms, — A cloud resembling a lock of hair, or a feather — 
parallel — ^flexuous, or diverging fibres, unlimited in their extent and 
direction. 

Second, Cumulus, — A cloud which increases from above, in dense, 
convex, or conical shapes. 

Third, Stratus. — An extended, continuous, level sheet of cloud, 
increasing from beneath. 

There are two modifications, which appear to be of an intermedi- 
ate nature ; these are — 

Fourth, Cirro- Cumulus, — ^A connected system of small, roundish 
clouds, in close order, or compact 

Rfth, Cirro- Stratus, — ^A norizontal, or slightly inclined sheet, 
attenuated at its circumference, concave downwards, or undulated. 
Groups or patches have these characters. 

There are two modifications, which exhibit a compound structure, 
viz.: — 

Sixth, Cumulo- Stratus, — ^A cloud in which the structure of the 
cumulus is mixed with that of the cirro-stratus, or cirro-cumulus ; 
the cumulus flattened at the top, and overhanging its base« 

Seventh, Nimbus, — A dense cloud spreading out into a crown of 
cirrus, and passing beneath into a shower. 

The above classification is so minute and comprehensive that it 
must necessarily include most clouds ; yet, when we examine these 
shadowy beings carefully with our own eyes, we see several that do 
not seem to belong to one of the seven classes more than another; 
and we are mistaken i^ in very tempestuous weather, clouds may 
not sometimes be seen which cannot well be referred to any of them, 
without some assistance from the fancy. 

The clouds are generally assigned to three atmospheric regions, 
viz. : the upper, the middle, and the lower ; and to these a fourth is 
sometimes added, viz. : the lowest. 

To the upper regions belong the cirrus, otherwise called curl-cloud 

and gray mare^s tail, which has the least density, but the greatest 

height, and variety of shape, and ^x^^on. TVi^ doxid ia oonsid- 
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ered ihe firat indication of serene and settled weather. It first showB 
hself in a few fibres, spreading through the atmosphere, and these 
fibres by d^rees increase in length, and new fibres attach themselves 
to the sides. It is also considered the first indication of wet, after a 
continuance of dry or dear weather, and appears as a white streak or 
thread stretched across the sky, the ends lost in the horizon. The 
drms does not last longer thsm a few hours, and sometimes only a 
few minutes. 

The middle r^on is the seat of the cumulus, which is generally 
the most condensed cloud, and moves with the stream of air nearest 
to the eartL The humidity becomes collected, and shows itself in 
masses rising conically, and resting on the third region. The appear- 
ance, increase, and disappearance of the cumulus in fine weatheTi 
are often periodical, and correspondent to the degree of heat It is 
properly a day-cloud, and generally forms itself a few hours after 
Bonrise, attains its highest degree m the hottest hours of the after- 
noon, and decreases and vanishes at sunset Great masses of cumu- 
lus, during high winds, in the quarter of the heavens towards which 
the wind blows, indicate approaching calm and rain. The cumulus 
is formed in sniall specks of cloud, which are white spots at first, and 
arise from small gatherings of the stratus or evening mist, which, 
rinng in the morning, grows into small masses of cloud, while the 
rest of the sky becomes dearer. About sunrise these clouds increase 
in number and size ; two or more unite, till a large cloud is formed, 
which, flflftiinriing a cumulated and irregularly hemispherical shape, 
has received the name cumultts. Towards evening it separates into 
small fragments and evaporates, giving place to the stratus or fall' 
doud^ which is the cloud of night Cumuli which occur during in- 
tervals between showers, are more fleecy and variable in form and 
color. Sometimes they are blackish or deep black, and may at any 
time increase and obscure tiie sky, and assume the form of the twain 
doud or cumulus stratus. The cumulus is the cloud that assumes 
so many forms of majestic beauty at sunset, and reflects so touchingly 
the last smile of the departed luminarv. 

The stratus or f all-cloud, indudes those fogs and creeping mists 
which, towards evening, fill the valleys and disappear after sunrise. 
Frequently, as soon as the sun has set, there is formed a white mist 
near the ground, which increases in density till midnight, and disap- 
pears aft;er sunrise. In winter it becomes more dense, and sometimes 
lasts several days. The stratus may be distinguished from some vari- 
eties of cirro^tratus which resemble it, by the circumstance that the 
latter wets every object which comes in contact with it. The stratus 
remains quiet and accumulates layers of vapors and nebulae, till at 
last it fidls in rain. The horizontal layers some times rise hi^erthaa 
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Tbe phenomenon of the dissolution of clouds into rain, is called 
idnibus. The lower region of the clouds, is that which is nearest 
the earth. The cloud to which this re^on belongs, is the nimbus — 
a doud which always precedes the faU of rain, snow, or hail. Any 
of the other clouds may obscure the sky without producing rain, but 
tliis scarcely ever does. 

In a cumulus that consists of conical and convex aggregations, 
which increase from a horizontal basis upwards, when me upper or 
dry region predominates, the cumulus cloud becomes a cirrus ; when 
the lower region prevails it becomes a stratus, which is the accumu- 
lation of vapors that, by condensation, are changed into rain drops, 
and these becoming, by their number and weight, too heavy for tne 
atmosphere to sustain, then Nimbus ascends his throne, and often, 
with the swift-winged hghtning and the thunderbolt for his her- 
alds, slowly unfurls his sable standard, and dashing the sunbeams 
from his path, pours out his treasures to enrich the earth ; and hav- 
ing fulfilled the commands of Deity^ majestically retires, bearing in 
his train the glories of the rainbow. 

Among the aqueous meteors there are some which were once 
oonsidered as miraculous, but which noore accurate observation has 
entirely divested of their supernatural character. Such are showers 
of blood, which take place when the rain water draws with it a great 
number of certain red insects, which float in the atmosphere, (x 
swarm on the earth. In May, 1646, there rained at Copenhagen a 
kind of substance, which was thought to be mineral sulphur; 
but when the same phenomenon recurred in May, 1804, noth- 
ii^ was discovered but a vegetable substance, in the precipitated 
matter. The phosphorescence of this substance, at the moment of 
the rain, which feU in the night, presented an alarming spectacle. 
Other examples prove, that sulphureous showers are, in general, 
nothing but the Ml of a vegetable powder, taken up by a water-spout 
or a hurricane. This phenomenon has sometimes lifted and carried 
to a great distance, sheaves of corn, as well as animals of small size, 
such as locusts, toads, &c., which, on fisdling to the earth, have caused 
alarm and amazement. 

The most frightful phenomenon of this description, a shower of 
fire, has been twice observed by a celebrated naturalist, who declares, 
that he saw nothing more than rain, very strongly charged with elec- 
tricity, and which sparkled on touching the ground. The November 
meteors, also, present the appearance of terrible showers of fire. 

§ IX.— Twilight. 

^The jfiunt %ht diffiuaed throujgh the atmosphere by the aim, h 
me itB rke, and after its setting, is ooc8fiQoi!^\]i;} Vk<^ ^^snoa^lim t^r 
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ftiBliii^ the rajs of the mn, and'tarning them down on the unilla- 
mhuited parts of the earth. The morning twilight begins, and the 
erening twiiigfat ends, when the snn is about 18 degrees bdow the 
When the aim is below that point, the smallest stars are 



naiUe to the naked eye, or it ia entirely dark. The duration of the 
twilight is various. In the equatorial regions it lasts, during the 
equinox, one hour and twelve minutes, and increases as the sun re- 
eedea fix>m the equator. At the Poles, where there are six months 
day, and six montns night, the twilight continues about two months ; 
so that a great part of the half year's night is illuminated. It is 
doubly usenil, since it shortens the night, and prevents, at the same 
tame, the imnrious effect upon our eyes, of the sudden chan^ from 
Hgfat to darkness. And here we cannot help observing, and being 
touched by a sense of the unceasing and exquisite tenderness, as weu 
as wisdom of the benevolent Parent of the universe, in thus oon- 
sidsring the feeble estate of man, and adapting every part of creation 
to his most minute requirements, and in blending the charms of 
beauty with the excellence of utility. The brilliant tints which ac- 
company the rising and setting of the sun arise from this drcum- 
itanee, that the air, towards night, and in the morning, is consider- 
ably condensed, and loaded with a variety of vi^rs. The ven^ re- 
fraagible rays seldom <xr never reach us. The red and yellow nave, 
akme, inflexibility enough to penetrate through the atmosphere, and 
to render the vapors and clouds so many movable mirrors. This is 
the reason, then, why the sun appears so often to be red, morning 
and evening. 

The twilight is shortest at the equator, because the sun rises and 
sets perpendiculariy ; and it gradually lengthens as we recede from 
it^ because tiie sun rises and sets more and more obliquely. The 
twilights are shortest at the equinoxes, because the sun there moves 
in a great circle, and therefore has a more rapid diurnal motion ; and 
the twilight afterwards increases, because he moves day by day in a 
smaller cude, till the solstioes, idien it again begins to contract 



§ X. — ^Parhklia Ain> Raiitbows. 

Parhelia, or mock suns, are phenomena not very common. We 
see by the side of the sun, often above and below, several images of 
that luminary, more or less bright. These false suns are sometimes 
surrounded by a circle of pale light, sometimes adorned by the colors 
of the rainbow ; most commonly, they are not exactly circular, and 
aome have been observed with luminous trains. This meteor has 
never been seen at the same time in a number of distant places \ — it 
eadubita m difkrent appearance even to specteton^ "viViQ 9S^ tiaaKXA 
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each oihar. It k, therelbre, an optioal iUnsioQ. A» it anofni fen- 

erallj at tbe very time when a fidse son appears, it is supposed^ that 
the circular image of the sun is reflected by the little cylinders of ioe 
oi which snow is composed. The taj^ pass, probably, through an 
opening between thick clouds, as one lets fkU the solmr image in 
a camera obscura. This explanaticm, however, i» not very saBs&o- 
tory, although no better has ever been given. But there can be no 
doubt the phen(Mnenon is explicable on ordinary optical principles^ 
It is not confined to the sun : for, mock moons occasionally present 
themsdives. These iUusions can take place only when the sun, being 
distant from the zenith, darts its rays obliquely upon the atmosphere. 
Accordingly, almost all the parhelia occur either in the morning or in 
the evening. False suns are olhen observed in countries where a 
damp, cold atmosphere prevails. They are frequent phenomena in 
Greenland. 

The rainbow has a near aflftnity to parhe^ «^ often accompanies 
them. Eveiy one knows that this magnificent arch, so wonderniUy 
colored, is the effect of the solar rays refracted and r^ected by drcm 
€^ water suspended in the air. The spectator's eye must always be 
right between the sun and the rain. We must refer our leaden to 
treatises upon Optics, fc»r a particular explanation of this phenomenon. 
We shall only remark, that tiie inner and brighter bow is produced 
by rays which frdl on the upper side of the drops, and are twice re- 
fracted and once reflected, while the outer and fainter bow is pro- 
duced by rays which fall on the lower side of the drops, and an 
twice reflected as well as twice refracted. It is £Ednt^^ because a 
great deal of the li^t is lost by every reflectioD. 

What is termed the apotheosis <^ travellers, is a phenomenon 
much like that of the nonbow. The Academicians, Bouguer, Qodin, 
and La Gondamine, when standing upon the very high mountains of 
Pambamarca, near Quito, saw their own images in a very light log; 
surrounded by seversd concentric circles, ornamented with the oolofs 
of the rainbow. The spectre of Brocken is an c^tical image of the 
same kind. It seems to be simply the person's shadow caught on 
the cloud, and fringed with the circles and colons derived from the 
diffraction, or deflection, of the extreme rays. 



§ XL — The Miraob and Zodiacal Light. 

The mirage, or appearance of objects which are not actually in 
the horizon, or which exist there in a different situation, is one of 
the most remarkable of optical illusions. At sea, rocks and sands 
eaooealed under the water, appear as if they were raised above the 
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The Swedish sailon long seardied for a pretended magic island, 
vhiohy from time to time, could be descried between the Isles of 
AJand and the coasts of Upland. It was a rock elevated by the 
miraffe. At one time, the English saw, with terror, the coasts of 
Calais and Boulogne apparendj approaching the shores of their 
Island. Vessels sometimes present themselves to view as if they 
were upset, or as if sailing in the clouds. The most celebrated ex- 
ample of this phenomenon, is the Fata Morgana, which is frequently 
seen in the Straits ai Messina, and which the people attribute to the 
&iry queen, Morgana. The spectator, standing on the Italian coast, 
perceives, it is said, upon an inclined plain, formed by the waves 
driven towards the middle of the strait, images of palaces, embattled 
rampsurte, houses, and ships, — ^at one time turned upside down — at 
another, confusedly set up again, and presenting the spectacle of 
towns aiid landscapes in the air. But Captain Smyth, in his Memoir 
on Sicily, says he never met with a Sicilian who saw anything more 
than an unusually strong loom, or mirage ; and there can be little 
doubt the real phenomenon has been exaggerated. Of all the 
efiects arising from this cause, that which has been most thoroughly 
examined, is the optical illusion which the French experienced in the 
desert, in the vidnily of E^ypt ; the sandy plain, covered in the dis- 
tance by a thick vapor, presented the deceptive image of a vast 
lake, towards which they eagerly hastened, but which appeared to 
fly before theuL All these phenomena are owing to an extraordinary 
refraction of the rays of lignt by the lower strata of the atmosphere. 

The zodiacaX light deserves our particular attention. This is a 
grand phenomenon, which was formerly referred either to the nature 
of the terrestrial atmosphere, or to the position of tiie globe with* 
regard to the sun. But it is now certain that it is totally ultramun- 
dane, and probably a solar phenomenon. This light presents itself 
after sunset, under the appearance of a serene, whitish deamess, of 
a lenticular fwm, having its base turned towards the sun, and its 
axis in the zodiac. Mairan has supposed that this light was the at- 
mosphere of the sun : but this explanation was totally r^ected by 
La Place, altliough his rejection was based on a supposition whim 
may not hold good, viz. : that a solar atmosphere must obey the law 
of gravitation. We presume it is nothing but a peculiar modification 
of the ethereal fluid, caused by the intense light and heat of the 
sun. 



§ Xn. ^ThUKDER and LlOHTNINa. 

Among igneous meteors, lightning occupies the first rank. It is 
known to be the efi^ of the movements of electricity, the Hieory 
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of whidi moBt be stadied in pbiloBopliical treatises. It is developed 
bg^ the passage of water from the form of steam into that of ram, 
and hence it is apt to play when hearj doads fcHin suddenly. It is 
the effect oi changes dep^ident on heat, and not their cause, as wme 
have represented. It is also' largely generated when water assumes 
the form of steam ; and hence it is often seen in incessant play before 
dry weather, as well as before storms. It is not seen when water 
dianges its fbnn slowly, because the fluid mores in such small quan- 
tities as to produce no flash. The ekctrie fluid is qinte invisible ; it 
IS the suddenly compressed air alone we see. ThuiKKer is simply the 
noise due to the motioDs of the electric fluid, and does not dafSsr from 
the report accoomanying the disdiarge oi an electric maclmie except 
in being much louder, and consisting of a snccessiim ci reports so 
ciosely following eadbi other as to produce a continuous peaL The 
discoreiy of the identity of liirhtning and common eleetncity is due 
to Dr. fienjamm FnmlL. 

^ The number of Hves lost erery year^ cwii^ to ignoranoe of the 
laws of electricity, induces us to say a word regarddi^ the course 
which ought to be pursued during thunder-storms. The practical 
rules on this subject may be reduced to two brief precepts. 1st. 
Keep away Jrom eonduetore — such as metals and fluids, which in- 
clude most conductors, while almost all dry animal and vegetable 
substances are noiMxxiductors,^ such as wool, cotton, wood, glass, 
and wax, and also brick or stone walls. 2d. I>o not become a prime 
conductor. This you will be apt to do whenerer you are so situated 
that the fluid is «pi to strike your head first, as when yon are on high 
cround and water is below you. The position of safety is when one 
IS surrounded by conductors so that the fluid is sure to strike one or 
other of them &8ty and yet not so near any of them as to be in 
danger of beii^ struck by the charge whidi may pass through them. 
The oommoQi practice of standing under a tree during a thunder 
storm, has cost many persmis their lives. With r^ard to houses, 
they may always be effectually secured against damage ftam light- 
ning by the proper application of a suiS&dent number of proper rods. 
But we reprobate the opinion of some, who seem to thmk Uiat one 
rod, oi any sort, anywise placed, is quite suffident to secure a build- 
ing of any size. Yet ^ere is not on record a single instance where 
rods Med, when axi3rtibing like due care had been used in r^ard to 
them. 

Thunder is rarely observed in polar re^ons ; it is oaily a weak de- 
crepitation. As we advance towards the equator, thunder-storms 
gradually become more violent. The cause of this is obvious from 

* It is understood that they have not been burnt: for charcoal is a good 
eoodactor; and maay a house has been destro^od by the fluid beiDg conveyed 
dtqRi til# obiBUMry Igr tha fooL 
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iHiAt we hrmeAj said of the amount of rain whicli fonns in the ^a- 
liotn Bones. 

Stoims, notwithstanding the calamities which they sometimes oo- 
easion, deserve to be considered as one of the greatest benefits that 
our Creator has bestowed. They diffuse freshness through the at- 
mosphere when it is in a confined and sultry state — the plants re- 
some their lively green — ^the flowers raise their drooping heads when 
their thirst has been quenched by the rain — the crops and fruit, pene- 
trated with new warmth, ripen more rapidly — ^and the atmosphere 
that was clogged with impurities, becomes dear and bright 



§ XnL — The Aurora Borkalis, 

The amxnra borealis, so often described by Ossian, the great Scot- 
tish bard, presents a spectacle equally magnificent and astonishing. 
In these biood-stained and fiery meteors, what poet is there who 
could not discover the shades of warriors, who, once conquerors of 
the earth and now imaginary rulers of the air, stoop from the clouds 
to behold the combats of their posterity. And were not those pale 
sad soft lights the daughters of heroes, who, cut down in the early 
bloom of tJieir beauty, now floated upon the wings of the wind t 
We hear their sighs, and the rustling of their resplendent robes, and 
we see rising towards the zenith, and assembling on every side, the 
bminoos columns of the wandering palace of departed spirits. Such 
iie the glowing fitncies of the poet of the North, growing out of the 
rich hues and varied grandeur of the northern lights, which no fa- 
miliarity can ever render less brilliant or touching, and which is well 
calculated, by its ennobling influences, to elevate the mind of the 
beholder to the sublimity of poetic conceptions. 

The aurora borealis, in European countries, uniformly appears in 
the north, inclining a little to the west In Greenland, it sometimes 
appears towards the south. It is observed also in the other hemi- 
f^here, but with a feeble lustre, in the direction of the South Pole. 
Though frequently seen in the temperate zone, it is more common in 
the Arctic regions, where its light sometimes equals that of the full 
moon. It generally begins to appear three or four hours after sun- 
set, and is often preceded by a dark cloud nearly resembling the 
segment of a circle, of which the horizon forms the chord. 

This segment, at Upsal, is a deep black ; in Lapland it is grayish, 
or becomes almost invisible. Its circumference soon borders upon 
a whitish light, which sometimes seems gently to expire. Most fre- 
quently, the cloudy segment opens in chinks, or crevices, whence 
issue streams and rays of light of a yellow, a rose, a purple, or a 
green. A general movement agitates s^ like doMdc^ 93A ^T)e> 
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lightened space ; rays, becoming more and more bright, shoot acrosf 
each other, like lightning flashing in the midst of efl^lgent splendor* 
Occasionallj, all the luminous matter arranges itself in a drde, which 
has always the magnetic Pole for its centre. Sometimes there is 
formed in the zenith a luminous crown, which seems to be the cen- 
tral point of all the motions of the luminous matter. After having 
occupied, for the space of an hour or two, almost the whc^e expanse 
of the heavens, the phenomenon contracts itself^ at first on the south- 
em side, afterwards on the east and west, and finally it disappears 
towards the north. The rising sun invariably extinguishes thesQ 
rival luminaries. 

The further we remove from the Pole, the less distinctly do we 
perceive these different appearances of the aurora ; and in France, it 
generally appears like a fight not much elevated above the horizon. 

Different explanations have been given of this phenomenon. 
That of libes, who attributed it to dectricity passing through a 
mixture of oxygen and nitrogen, is now universally rejected, and 
even deemed absurd. Everything indicates, however, that it is an 
electric phenomenon. During its continuance, the magnetic needle 
IS generally disturbed, and sometimes violently agitated ; the air is 
at the same time highly electric. Again, if a long glass tube be 
partially exhausted of its air, then closely stopped, and applied to 
the prime conductor of an electric machine, the whole tube becomes 
lummous, and continues so for some time after it has been removed 
from the conductor. If after this the tube be drawn through the 
hand, the light will be remarkably intense, through its whole length ; 
and if it be grasped with both hands, near its extremities, strong 
flashes of light will dart from one end to the other, for many hours, 
without the tube being again brought near the conductor. The 
aurora is, therefore, probably caused by currents of electricity, flow- 
ing through the upper regions of the atmosphere, parallel to the 
meridian. 

This meteor is of great use in the northern r^ons, where it 
greatly assists in dispelling the gloom of the very long winter night ; 
and it is remarkable that it is most brilliant and frequent exactly in 
those countries where it is most serviceable. 

§ XIV. — ^Thb Halo and Ignis Fatuus. » 

The Halo is a broad drcle of nearly uniform diameter, being al- 
ways about 45°. It appears in a thin cloud, or in a haze, around 
the sun or moon's disc. Those round the sun are marked with rain- 
bow colors, though fainter ; the lunar haloes are generally white^ 
but have sometimes a pale red fringe io\uid the innfir edgo, Somo* 
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kanes a Beoond halo is Been, oonoentric with the former, but much 
laiger, h&ng about 90^ in diameter, with fainter colors, and less lu- 
(ninous. iSiese phenomena are attributed to the refraction of light 
by amall prisms df ice, fk)ating in the upper regions of the atmos- 
pliere. 

The Corona, or crown, is a smaller circle than the halo, being 
icazcely ever more than 12*^ in diameter, and there are generally 
three or more concentric rings, differently colored. They are attrib- 
uted to the deflection of light in passing by the rain globules in the 
atmosphere. This phenomenon is popularly thought to prognosticate 
rain ; but it is often seen in light fleecy clouds which are the harbin- 
gers of feir weather. 

St Elmo's Fire is a fisiint light which seems to adhere to the 
points of bodies carried swiftly through the air. It appears on the 
tops of ship masts, and the points of warlike inslaniments, when in 
motion. It seems to be only the escape of electricity, produced by 
tJie friction of the air against the moving body. A single flame of 
this sort was called by the ancients, Helena, and when double, Castor 
and Pollux. An individual travelling throudb the lead mines in 
Scotland, observed his fingers, switch, and me ears of his horse, 
ornamented with lights of this description, during wet weather. A 
Swedish naturalist observed the same during snow. 

Animal substances, in a state of putrefaction, sometimes emit 
j^iosphoms^ which, burning slowly fix)m the contact of the atmos- 
phere, produces light and wandering flames. Such is probably the 
Cfigm of the Iffnis Fatuus, which flutters at night oter church-yards 
and fields of little, and which has given rise to pretended appari- 
tions of spirits in churches, where it is the pernicious custom to ac- 
camulate the remains of the dead. 

Hydrogen gas is often combined with phosphorus. This mixture 
not improbably gives rise to those ignes mtui which are said to lead 
unwary travellers over bogs and marshes, until it leads them to some 
ditch or pit The gas is probably disengaged from marshes, or damp 
and low spots of earth. Ignes fatui, arising from the combustion of 
this phosphureted hydrogen, are necessarily soon extinguished. But 
a succession of these fires, will appear to tne spectator to be but one 
single flame, which moves with rapidity from place to place, and flies, 
or seems to fly, as he approaches it. The air driven on before him, 
forces the lambent flame to recede. 

There are other similar fires, which appear to be immovable when 
seen from a particular spot There was one near Rettwick, in Swe- 
den, which, on being examined, was found to proceed from a cavern 
filled with pyrites and petroleum, the combustion of which had oc- 
casioned the phenomenon. 

In some places, a continuous current of hydro-phosphoric gas, or 
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phosf^uiBted hydrogen, rises from the earth. An imtaoee of iUs 
land ocours in the department of Isere, in Franee. The diaengage- 
ment of inflammable gas during the summer is so considerable, that 
we continually see a flame rising seven feet from the surface ; and 
travellers, on first seeing it, think that the whole village of St. Bar- 
tholomew is on fire. In other places, carbureted hydrogen issues 
from the earth, and burns steadily, hke ordinary lamp gas, when a 
flame is aj^lied to it At Ihe village of fVedonia, in New York, a 
jet of this kind serves to illuminate the houses. Naphtha answers a 
similar purpose at Baku, on the Caspian Sea ; and the sacred fire of 
the Guebves is nothing but a naphtha spring, kept constantly bumr 
ing. 



§ XV. — Shootino Stabs akd FiBS-BALia 

Falling, or shooting stars^ are appearances everywhere observed. 
Some consider them the efi^ of the combustion of hydrogen gas^ 
more or less snlphureted ; for {^osphorus is too rapidly inflamed by 
Ihe contact of the air, to be capable of attaining so great an dievation 
before burning. But, since the great elevation of most of them has 
been discovered, this hypothesis has been abandoned : for it is evi- 
dent they are of ultra-terrestrial origin. The average height of 381, 
(observed at Geneva and Flachettes, hy several astronomers, on the 
10th of August, 1838,) was 550 miles ; and their average velocity, 
240 miles per second. The phenomenon of the celebrated Novent- 
ber meteors, which have been so c^n observed at the same time of 
the year, indicates that there are certain bodies moving round the 
sun, besides those generally visible. To this class the November 
meteors, and many other shooting stars, probably beloi^, and they 
owe their brightness to the violent ccxicussion with our atmosphere. 
The showers of aerolites, or air-stones, that have so frequently fidlen,* 
were, probably, nothing but groups of these, which came within the 
Inhere of the earth's attraction. But some shooting stars cannot well 
be referred to this class : for, as they shine within the earth's shadow, 
and far above the atmosphere, they must be luminous ; and their 
Telocity is much greater than consists with the supposition of their 
having planetary motions. We must, therefore, consider them rovers, 

* Aerolites are all umilar in appearance aod compositioai, however rnncb 
Ihey may differ in size and shape. They are composed of silica, magnesia^ 
sulphur, metallic iron, ni(^el, ana some traces of chrome. The nickel is want' 
kig in a few specimens. It is remarkable that metallic iron, nickel, and chrome, 
are never found on the surface of the earth, except in aerolites. Externally 
thej appear black, as if they had been exposed to the heat of a foroaoe : ki- 
imrnJlj- ibey are of a grayiah wUte. Thsuc s^^eciflc ^vrity is from ^ to i* 
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Hke eometo, boom of which wander indefinitely &r from the sun, and 
ciiheny perhaps, never cross onr path a second time. 

Firt^haUsj bolidea^ or fiery meteors, present a spectacle more inn 
poring than common shooting stars. They are sometimes seen of an 
unmense size ; their light is occasionally red, but oftener of a vivid, 
dantling whiteness, like the flame of zinc, mixed with nitre. Yet 
th^ seem to diffsr {ix>m the other meteors only in being larger, or 
pemaps nearer ; and the same description will apply to loth. 

We see those meteors, often in the space of a few seconds, appear to 
traverse the horizon, blaze like fire-works, then break in pieces, and 
discharge torrents of flames, with a detonation that shakes the air 
and the earth, at the moment of their explosion. There are some, 
which are precipitated like a thunderbolt, break through the roofe of 
houses, destroy animals, and dismast vessels, and shatter them. At 
other times Uiey move over the earth like a whirlwind of flame, set 
fire to trees, and devour, or at least overthrow everything that ob- 
stmots their course. But such occurrences are only rare exceptions : 
fat they generally pass without doing any injury. 



§ XVL — ^Maofitio Phenomena. 

When two magnets, or loadstones, are presented to each other, 
tiiey are mutually attracted at one end, and mutually repelled at the 
other. When suspended on a pivot, they constantly turn their two 
pointa towards the two poles of the world, with some deviation : 
they cemimunicate, by contact, this power to bars and needles of iron 
and steel, — ^to the former momentarily, to the latter permanently. 
Iliifl phenomenon of the direction of mi^ets was formerly ex- 
plained, by supposing that the globe itself is a great loadstone, which 
exercises its magnetic force upon all bodies, more or less sensibly. 
But sinoe Oersted's discovery of the effect of an electric current upon 
the needle, new light has arisen on the science of magnetism ; and 
it has been found that the polarity of the needle is caused by a cur- 
rwit of electricity, constantly flowing fipom east to west, this current 
being caused by the successive heating of the earth by the sun, as it 
tunw on its axis. The needle turns itself always at right angles to 
the current ; and as the various parts of the earth's surface are not 
heated equally every year, the current slightly changes its direction ; 
and the needle always keeps perpendicular to this direction. The 
cause of the current turning the needle at right angles to it, is, that 
there is another current incessantly flowing round the needle ; and 
the one interferes with the other, (like two confluent streams of water 
which run in different directions,) so that the needle swings round till 
the action of the earth's current on each end ^ ec^vxsL liVvs^ «ftto«fr 
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lioiis and repulBions of magndts, alsoy are due to ^tmt electric cor- 
xenis. By causing an electric current to pass through a coil of caj^ 
per wire, supported on a cork in water, it immediately becomes a 
perfect magnet* The needle always turns to the magnetic polea, 
one <rf which is in Boothia Felix, lat 70° N., long. 97° W., the other 
k in Victoria Island, lat 70° S., long. 162^ E. These p<»nts seem 
to be those of greatest cold, in each hemisphere : for, magnetic phe- 
nomena are ultimately dependent on heat, — a more constant and 
powerful agent than electricity. The gradual and periodical changes 
m the direction of the needle indicate a regular cycle in the seasons — 
a tiling often supposed, but not yet satisi^torily shown. The angle 
that the axis of the magnetic needle makes with the meridian of a 
place, is termed its variation, or declination. It is either east or 
west, and varies in different parts of the globe, at different times of 
the year, and even at different hours of the day. These diminutions 
and augmentations vary periodically ; and the variations are very 
considerable. At London, the declination was 1 1 degrees, 15 minutes 
east, in 1580 ; in 1657, the needle pointed directly north ; in 1692, 
it already indicated 6 diegrees of western declination; and in 1795, 
it amounted to 21 degrees. In 1666, there was none at Paris ; and 
in 1795, it amounted to 22 degrees, 30 minutes, towards the west. 
We find upon the globe a number of spots in which there is no dec- 
lination ; but these belta without declination change their position 
every year. Hence, we are obliged to revise magnetic maps every 
10 or 12 years. 

The diurnal oscillations are also considerable. The greatest is in 
central Europe, where it is 14 minutes. At the equator, they are 
only 3 or 4 minutes, but they occur with great regularity. The 
needle is generally at its mean position at 8 A. M., and is at its 
greatest west^ly deviation at 1 or 2 P. M. 

The inclination or dip of the needle consists in its always as- 
suming a position parallel to that of the magnetic axis oi the earth, 
or the line joining the two magnetic poles. Under the equator it 
supports itself nearly in a horizontal position. The circle where it 
does so exactly, is partly south and partly north of the terrestrial 
equator, and termed the magnetic equator. It, of course, devi- 
ates more and more from the horizontal position, as it approaches 
the magnetic poles ; where it assumes a vertical position, and of 
eourse becomes useless to the mariner. All the phenomena can be 
imitated by taking a hollow sphere, with a very powerful magnet in 
its axis, the effect of tlie terrestrial current, of which we have 

* The celebrated De la Rive invented a contrivance by which this may 
he shown instantaneously : it is sold bj mathematical instnuneot-makers undor 
ik0 mm9 of J?e h JUveU BvRfl. 
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8pokeii» Mug to inake tbe earth in &et a huge magnet The foroe 
with whidi &e nefedle is moved varies greatlj in difierent parts of 
the world, and is not constant at any place. The position of the 
points of maximum force or intensity is very irregular and inex- 
plicable. One is at present south-west of Hudson's Bay, and an- 
other in Ihe South Atlantic in lat 20'' S. and long. 36° W. 

Gay Lussac proved by a balloon excursion that at an elevation of 
21,600 feet, the declination and intensity were the same as upon the 
earth's surfiaoe. 

The circle which coincides with the vertical plane, passing through 
th& direction of the needle, is called the magnetic meridian. The 
magnetic equator deviates in the Pacific Ocean from the terrestrial 
equator, about 12^, and this is at present their greatest deviation. 
Lines in which the declination is equal are called lines of equal 
variation ; and those where the dip is equal are called Hues of equal 
dip. Magnetic storms sometimes occur, when the needle is violently 
agitate<l. One of these happened in 1841, and seems to have been 
general all over the world. These conmiotions are never of long 
duration. They are probably owing to changes which take place 
deep within the earth. 



PART IL 

ANEMOGRAPHY, OR DESCRIPTION OP THE WINDS. 



§ I. — Classification of Winds. 

The atmosphere experiences agitations which displace its porti- 
eles in every direction, and which all depend on a single cause, the 
interruption of its equihbiium, the restoration of which necessarily 
takes place in conformity with the laws common to all fluids. A 
ehaoge in the temperature of a column of air, the transformation of 
a portion of the atmospheric gases into water, their congelation, 
in a word, whatever causes a vacuum, a condensation, or an expan- 
sion, and consequently destroys the equilibrium existing among the 
different parts of the atmosphere, necessarily produces the rapid 
dispiaoement of a mass of air, that is to say, a mnd. The winds 
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may be classified on various principles. Their velocity being the 
circumsiance most palpable to our senses, has given rise to the 
following classification; the velocities given being determined by 
Smeaton, the celebrated engineer, firom many facts and experiments. 

Appellation. Velocity per Hour. 

Very fight, 1 mile. 

Oende, 4 miles to 5 

Brisk gale, 10 « "16 

Very brisk, 20 " « 26 

High wind, ........ 30 « "36 

Very high, about 40 " 

A storm, " 60 " 

A great storm, <* 60 « 

A hurricane, " 80 " 

A vident hurricane, - • . " 100 " 

The direction of winds is not designated like that of marine car- 
rents by the point of the compass to which they tend, but by the 
point from which they come ; thus b, northerly wind is directly 
contrary to a northerly current. 

With regard to duration, winds are distinguished as constant and 
variable; with regard to extent, — as general and partial. Two 
general and constant movements exist in the atmosphere ; the one 
prevails chiefly in the torrid zone, and carries the air westward with 
respect to the earth, and in a direction conformable to that of the 
general movement of the ocean ; the other, which is principally felt 
m the other zones, carries the polar air towards the equator, and by 
this means produces two polar currents or effluxes similar to those 
already pointed out in the ocean, the causes being in both cases pre- 
cise)^ the same. 

§ XL — Constant, or Trade-Winds. 

We shall first consider the trade-winds, or those constant east 
winds which blow within 28° of the equator. The primary cause 
of the trade-winds is the expansion which the air undergoes from 
the action of heat ; for the sun must evidentiy by its heat rai^ the 
air within the tropics, much more than it does that beyond Uiem. 
The equilibrium of the atmosphere being thuus disturbed, the denser 
and heavier air flows in from the colder regions to restore it The 
currents have an apparent westerly motion precisely like the marine 
currents ; and as tne same explanation applies to both phenomena, 
we need not give . any particular explanation of that now under di»- 
caaaioDf js it would be merely a lepetltaon of what we formerly 6iid^ 
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The trade-grinds are divided into iouthem^ or those that blow south 
of the equator, aad northern, or those that blow north of the equator. 
The fom^ extends from about 3° N. lat to 22° S. in the Atlantic, 
24^ in the Padfic, and 21° in the Indian Ocean. Towards its south- 
ern border, it blows from the south-east ; hence some call it the 
south-east trade-wind. As it approaches its northern limit, it becomes 
more and more easterly. The northern trade-wind extends from 
about 9° N. to 28° N. in the Atlantic, and 25° N. in the Pacific 
Its direction is at first north-east, whence it is sometimes termed the 
north-east trades, and it becomes more and more easterly as it ap- 
proaches its southern limit. The trade-winds blow regularly out at 
sea : for near land, mountain chains, and the great neat produced 
by the strong reflection of the sun's rays from the land, often inter- 
fere with their direction. On the open ocean they generally blow 
steadily ; so that it has been said if there were a strait at the Isth- 
mus of Panama, a voyage to China could be performed much quicker 
by sailing westward across the Pacific, than l^ sailing eastward 
against these winds. In sailing from Acapulco to the Philippines, 
the Spaniards simply allowed tibemselves to be carried westward by 
the trades and the equatorial current, to the place of their destina- 
tion : and this is said to be the reason why they navigated the Padfic 
so long without discovering any of those islands near which they 
must so often have sailed. 

During the day, and in summer generally, the land reflects much 
more heat than the water, while the latter frequently gives out noore 
heat during the night, and in winter. This is the reason why the 
breadth of the trades is greater in the Atlantic and Indian Oceans, 
than in the Pacific, whose wide waters absorb an immense amount 
of solar heat, part only of which is returned by radiation, the rest 
becoming latent in the water evaporated, and passing off in the equa- 
torial oceanic current and its branches. For the same reason, the 
course of the trades in the eastern part of the Pacific is more imiform 
than in the Atlantic. On the coast of Africa, for example, from the 
equator to 10° N. lat, and from about 10° to 25° W. long., south- 
westerly winds are the most prevalent The breadth of these winds 
becomes gradually greater as we approach the coast ; and hence we 
may conclude they are nothing but the trades turned in a north- 
easterly direction by the extreme rarefitction of the air produced 
above the burning sands of the Sahara and the arid Kong Moimtains. 
But as the heat of these regions is sometimes greatly moderated by 
leavy fells of rain, we need not be surprised to learn that that part 
of the South Atlantic where these winds prevail is very subject to 
Lwivy squalls and thundernstorms, with intervening calms. 

As the northern and southern trades approach, the one in a great 
xniasure neutralizes the other, and cahns prevail over a cone of 5^ 
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cr 41^ in breadih. Ths k termed the calms, or vmahleB; and in the 
neoghborliood of land it is snbject occasionally to squalls, heavy rains, 
and thunder-storms, which generally pass off very rapidly. Owing 
to the prevalence of land in the northern hemisphere, its centre, 
which may be considered the boundaiy line of the two trade-winds, 
is north of the equator. It runs from about 3^ to 12° N. lat 
When the sun is vertical north of the equator, the regions immedi- 
ately under it have the air most rarefied. Hence, as he advances 
from the southern to the northern tropic, the centre of the variables 
moves from about the 3° to the 12° of N. lat. When the sun turns 
south it moves the other way, the outer limits of the trades having 
a corresponding simultaneous motion. The variables seldom extend 
south of the equator, or north of lat 13° N. But their Hmits vary 
from year to year. The same is true of the trade-winds. Sometimes 
the northern extend to 82° N. lat. during the summer solstice. In 
other years, they do not blow beyond 30° N. The southern limits 
of the southern trade varies in the same way, though somewhat less 
extensively. Aroimd the external limits of the trades, short calms 
occur ; but they are generally soon succeeded by squalls. 

When the polar currents have reached the equatorial regions, they 
become rarefied in their turn, ascend into the upper regions, and flow 
}mJL towards the Poles above the usual trade-winds. These currents 
are sometimes called the upper trade-winds. They begin generafly 
about 2\ miles above the sea level. Their direction is evident firom 
that of the clouds, and sometimes the volcanic ashes which they con- 
vey ; and they are felt on high mountains, like the Peak of Teneriffe. 
Their general direction is easterly, because their easterly motion is 
more rapid than that of the successive places to which they come. 
Bjr the time they have got beyond the limits of the lower trade- 
wmds, they are sufficiently cooled to displace the polar current, which 
now flows above, while that from the equator flows below. In the 
northern hemisphere, their course is north-easterly, and in the south- 
em hemisphere, south-easterly. They may be called the westerly 
trade-winds, in contradistinction from the tropical or easterly. The 
particular point at which the upper and lower currents will exchange 
places, depends partly on the position of the sun ; and hence over a 
great part of the north temperate zone, north-easterly winds blow 
generallv at certain times oi the year, and south-westerly winds for 
most 01 the time. In the south temperate zone, a south-easterly 
wind blows, instead of the usual north-westerly. 

We can now easily understand why a voyage from the United 
States to northern Europe, is, on an average, ten days shorter than 
one in the contrary direction. We can also understand the reason 
fi» the course adopted by vessels from northern Europe on voyages 
to the Wett ladies. On the outward ]^ass8i%<&>^eY «A dsyvm. ia the 
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Madeiras, to catch the easterly trades ; on the return passage, they 
Bail nonrth-west towards the ^Bermudas, till they fidl in with the 
westerly trades. 

The particular place where the northerly and southerly currents 
exchange position, depends not only on the sun's position, but on 
particular local circumstances ; hence it is not at the same distance 
from the equatcMT in every place, nor is it always uniform at one place 
every year. The iodb within these limits is subject to sudden varia- 
tioDs in the direction of the wiad, producing great and sudden 
changes of temperature ; it extends from about &e 35^ to the 46^ 
of latitude. In the northern hemisphere, the westerly trades prevail 
up to 60° N. ; in the southern hemisphere, they do not seem to ex- 
tend much beyond 55° S. The course of the winds beycmd these 
limits is not as yet well known. 



§ nL — ^Vamable Winds. 

The inequalities of the earth's sur&ce, and the diversity of its 
soils, have, no doubt, a powerful influence upon the direction of the 
winds. At one place, mountains, covered with perpetual snow, arise, 
and prevent the air from undergoing the same expansion as in the 
valleys : at another, burning sands produce an unusual degree of rare- 
&ction. At a third, we observe large basins of water, surrounded 
and irregularly indented by land. The air must, therefore, suffer 
relative and partial condensations and expansicms. Hence the sea 
breeze, the l^d breeze, and the mountain breeze. These changes, 
too, will occur di£ferentiy, in summer and winter, during the day, and 
during the night. Hence the morning and the evening breezes, 
whose refreshing breath reanimates us, in the warm season. 

The tropical islands, notwithstanding their small circumference, 
have the air above them so much rarefied during the day-time, as to 
cause the general east wind to Uow from all points of the compass, 
towards the central summit of the island, forming the sea breeze, 
which generally springs up in the forenoon. From its refreshing and 
reviving influences, it is termed, in many of the West India Islands, 
the doUor, When night arrives, the sea radiates more heat than 
the land ; hence, the air flows back again from the summit, towards 
the sea, in every direction, constituting the land breeze. These land 
and sea breezes are most prevalent in the torrid zone ; but they are, 
by no means, confined to it 

Chains of mountains may arrest winds in the lower regions of the 
atmosphere, or turn them firom their direct path, and sometimes give 
them m(»re impetuosity, as marine currents acquire greater force in 
fhe neighborhood <A straito and promontori^ Such violent move- 
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moits of the air, when arreeted by an obsCade, have given ptartieokr 
notoriety to Gape Horn and the Cape of Good Hope, and many 
others. When a strong and sudden rare&ction of the air takes place, 
there is an outward current in all directions, generally followed l^ a 
strong current in the opposite direction. Of the fcffmer nature is the 
wind that blows from the deserts of Africa and Arabia, termed 
simoom and samiel in Arabia and Turkey ; chamsin in 6yria and 
Egypt ; and harmattan in Western Africa. This wind was ^mnerlj 
supposed to be rendered pestilential by an intermixture of poisonoos 
gases : but it seems to be entirely free from anything of that kind 
Its bad effects are attributable to its extreme heat and dryness, and 
to the fine dust and sand mechanically sustained by it Li crossing 
the Mediterranean, it becomes surcharged with moisture, and fonm 
the sirocco of the Italians, and the soUmo oi the Spaniards, which 
produces languor and febrile irritation by its heat, and by stopping 
the perspiration. 



§ IV.— Hurricanes. 

Hurricanes are produced by anything which causes an extreme 
d^ree of rare£EU2tion, or an extensive partial vacuxun in the air. They 
may, therefore, result from intense heat, or from the sudden formfr- 
tion of a great quantity of rain. Anything, in short, which rapidly 
and extensively deranges the equilibrium of the atmosphere, wm 
cause a hurricane, from the rush of air from all quarters, to restore 
the equilibrium. The nature of a hurricane may be understood by 
observing the whirlwinds caused by a strong fire in a clearing among 
the woods. The hurricanes of temperate regions are not in any way 
to be compared with those of the torrid zone. Generally speaking, 
the former are nothing more than slight whirlwinds. But in a trop- 
ical hurricane, all the elements sometimes seem to have combined 
and armed themselves for the destruction of nature. The lightnings 
cross each other, the thunder roars without interval, rain frJls down 
in torrents. The velocity of the wind becomes excessive. Forests, 
houses, every object is swept before it, that is foimd in its path. 

Hurricanes begin in very different ways : sometimes a fittle black 
doud appears on the summit of a mountain ; at the instant when it 
seems to settle on the peak, it rushes down the declivity, unrolls it- 
self dilates, and covers the whole horizon. At other times, the tem- 
pest advances in the shape of a fire-colored cloud, showing itself sud- 
denly, in a calm and serene sky. 

Ab the air rushes in from every quarter, it acquires a whirling 
motion, so that it describes a spiral. Mr. Espy, in opposition to 
Bedfield and Reid, maintaina tiuit the conenta always move in a 
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straight line towaHs a centre. We presume this may be true to a 
certain extent at a distance from the centre oi large storms, and true 
to a greater extent of small storms; but that strong currents can 
long move in straight lines without acquiring a spiral or gyratory 
moti<Mi, is at variance with all that we otherwise know of the motions 
of elastic fluids, except in the single case where all the currents are 
equally powerfiil at every point of the circumference, a thing which 
must be of comparatively rare occurrence. The common whirlwinds 
are familiar instances oi the gyratory motions ; and the extensive 
researches of Redfield, confirmed by the immense number of details 
collected by Col. Reid, piove that the motion of hurricane currents 
is similar. Nothing is more common than for navigators to find, on 
comparing logs, that the one had a strong westerly wind, while an- 
other had a stnmg wind in the opposite direction, not mora than 50 
miles south, and a third, not more than 100 miles further south, had 
no 'storm whatever. The motion of the wind gradually becomes 
swifter towards the centre, or axis of the storm ; but on the very 
axis there is a calm. Hence, there is first a strong wind in one di- 
rection, then a short calm, followed by a violent wind in the opposite 
direction. The diameter of the calm ranges from 5 to 30 miles ; 
the conunotion never extends higher than 5 miles perpendicular 
height) and sometimes only one nule. Sometimes the area covered 
by the tempest is 1,000 miles in diameter, but generally it does not 
exceed 200. The axis of a hurricane moves widi a velocity varying 
fix>m 15 to 40 miles, the average being about 20 miles an hour. 
The friction of the earth causes the axis to lean fi)rward, and leads 
to an ascent oi the lower and warmer air, which, mixing with the 
ujmer cold air, produces torrents of rain and electric explosions. 

The two principal regions of hurricanes are the West Atlantic 
and the Indian Oceans. The Atlantic hurricanes begin generally east 
oi the Leeward Islands, in lat 18^ N. They move north-west till 
they are off the coast of Florida, about 25° or 30° N., and then 
pass north-east along the American coast and across the Atlantic. 
They generally terminate south-east of Newfoundland ; but some- 
times they reach the ccmtinent of Europe. They describe a curve, 
neady parabdic, with the focus generally a little south of the Ber- 
mudas. The circular motion oi the wind, considered from the axis, 
is alwa^ from, right to left ; and such is the direction of all hurri- 
canes m the northern hemisphere. A knowledge of this £sict will 
enable the navigator to sail away from the strength of the tempest 
If it Uow from the east, the axis is to the south, and he should steer 
north ; if from the west, the case is reversed. If it blow from the 
north, the axis is to the east, and he should sail to the west, and 
so on. 

In the Indian Ocean, the course both of the axis and the rotating 
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currents is reyersed. Here the hurricanes generally b^in nortlif 
east of Madagascar, about long. 80° K, and li^ 10° S., and the axis 
moves at first south-west, towards Madagascar, and then south-east, 
m the direction of St Paul's Island, describing a parabola, of which 
the Isle of France is near the focus. The revolving of the current 
is liere from left to right ; and a vessel would, of course, sail in a 
direction opposite to that required in the Atlantic hurricanes. The 
storms of the southern hemisphere generally rotate in the same 
direction. 

Hurricanes occur when the sun is most powerful on that side of 
the equator — those of the Atlantic from June to October, and those 
of the Indian Ocean from December to April 

The typhoons are simply violent hurricanes, which prevail in the 
China Sea, and eastward to 135° R long., their range becoming 
wider as we proceed eastward. They rotate Wke the Atlantio hurri- 
canes. 

In, consequence of the centrifugal force of the air in a hurricane, 
its downward pressure is much diminished ; and this is indicated by 
a rapid falling of the mercury in the barometer. The air is gen^^ 
ally disturbed for some hours before it b^ns to blow with any great 
degree of violence ; and hence, the wary mariner has time to pre- 
pare for the coming storm. The barometer has thus been repeatedly 
the means of saving vessels, and the lives of all on board. When 
the force of the storm is spent, the barometer begins to rise, and 
then the navigator may gradually unfurl his sails. 

Although hurricanes follow a certain direction, they do not move 
with a uniform velocity in every part of their course ; and sometimes 
they have been known to stop altogether for awhile, and then resume 
their course. Sometimes two hurricanes are simultaneous, and move 
in parallel directions ; at other times their courses are inclined, and 
they meet, when a tremendous commotion ensues. A hurricane has 
also been known to be divided into two by a promontory. 

The diminished pressure of the air occasioned by a hurricane, 
sometimes leads to the formation of a huge swell on the ocean. 
This is, of course, highest in the asds, where it is often two feet in 
height. This wave moves along with the tempest, and sometimes 
rolls against the land, whose resistance raises it to such a hdght that 
it resembles an earthquake wave, and does great damage to life and 
property. 

Tornadoes differ from ordinary hurricanes only in being less ex- 
tensive in their range, and more rapid in their motion. Common 
whirlwinds are only tornadoes on a small scale. 
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§ V. — ^Water Spouts. 

Water spouts are distinguislied as terrestrial and marine. The 
latter are found to oocur in the following manner. Under a dense 
cloud, the sea becomes agitated with violent commotions ; the waves 
dart rapidly towards the centre of the agitated mass of water, on 
arriving at which they rise, whirling round in a spiral direction to- 
wards the cloud. This conical ascending column is met by another 
descending colunm which moves towards the water and joins it In 
many cases, the marine column is from 50 to 80 &thoms in diame- 
ter near its base. Both columns, however, diminish towards the 
middle where they often unite ; so that here they do not extend 
more than 3 or 4 feet in diameter. The entire column presents it- 
self in the shape of two cones joined at their apices. This column 
glides over the sea, sometimes without any wind being felt. Indeed, 
several have been seen gliding at the same moment in opposite di- 
rections. When the cloud and the marine base of the water spout 
move with unequal velocities, the lower cone is often seen to incline 
sideways, or even to bend, and finally to break in pieces. A noise is 
then heiu^, like that of a cataract falling into a deep valley. light- 
ning frequently issues from the centre of a water spout, or from the 
ndes, particularly when it breaks ; but no thunder is heard. 

TtQ& phenomenon is explained in the following manner. Two 
mnds 01 different temperatures meet ; a vortex ensues. Their var 
pors are condensed and turned round with great velocity, so thai 
they assume a conical form. This rotation impresses all the particles 
of the cloud with a centrifugal force : they are driven towards the 
exterior sur&ce ; a vacuum is produced witiiin about the axis of the 
oone ; water, or any other body lying beneath this vacuum, is carried 
into it by the effect of gravity, striving to re-establish an equi- 
librium. 



§ VI. — Monsoons or Periodical Winds. 

These winds prevml diiefly in the Indian Ocean. From the lOth 
degree of south latitude to the Tropic of Capricorn, and beyond it, 
the general east or south-east trade-wind prevails over all the Indian 
Ooean,^— sometimes, in summer, extending as far as the 2d and Sd 
d^ees of south latitude. On this side of the 10th degree, we first 
meet with the monsoons, or periodical half-yearly winds : from April 
to October, a strong south-west wind prevails, accompanied with 
storms and ndn, wMle a dry and pleasant north-east wind prevails 
during the other 6 months. South of the 10th parallel, the trade- 
winds blow regularly. 

9* 
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tu»i8 and repulsioDB of magnets, ako^ aie doe to their ekdrie ciff- 
lents. By caufflDg an ekctric current to paw thiough a oml of cop- 
per wire, support^ on a cork in water, it immediately beoomes a 
perfect magnet* The needle always turns to ^e m^netic p<^ 
one of which is in Boothia Felix, lat ^O"" N^ long. 97° W., the other 
IB in Victoria Island, lat 10° S., long. 162^ £. These points seem 
to be those of greatest cold, in each hemisphere : for, magnetic phe- 
nomena are ultimately dependent on heat, — a more ccxistant and 
powerful agent than electricity. The gradual and periodical changes 
m the direction of the needle indicate a regular cyde in the seasons— 
a thing often supposed, but not yet satisStctorily shown. The angle 
that the axis of the magnetic needle makes with the meridian of a 
place, is termed its variation^ or declination. It is either east or 
west, and varies in different parts of the globe, at different times of 
the year, and even at different hours of the day. These diminutions 
and augmentations vary periodically ; and the variations are veij 
considerable. At London, the decUnation was 11 d^rees, 15 minutes 
east, in 1580 ; in 1657, the needle pointed directly north ; in 1692, 
it already indicated 6 degrees of western declination ; and in 1795, 
it amounted to 21 degrees. In 1666, there was none at Paris ; and 
in 1795, it amounted to 22 degrees, 30 minutes, towards the west 
We find upon the globe a number of spots in which there is no dec- 
lination ; but these belts without declination change theur position 
every year. Hence, we are obliged to revise magnetic maps every 
10 or 12 years. 

The diurnal osdllations are also considerable. The greatest is in 
central Europe, where it is 14 minutes. At the equator, they are 
only 3 or 4 minutes, but they occur with great regularity. The 
needle is generally at its mean position at 8 A. M., and is at its 
greatest westerly deviation at 1 or 2 P. M. 

The iricliTiation or dip of the needle consists in its always as- 
suming a position parallel to that of the magnetic axis ci the earth, 
or the line joining the two magnetic poles. Under the equator it 
supports itself nearly in a horizontal position. The circle where it 
do^s so exactly, is purtly south and partly north of the terrestrial 
equator, and termed tne moffnetic equator. It, of course, devi- 
ates more and more from the horizontal position, as it approadies 
the magnetic poles ; where it assumes a vertical position, and of 
course becomes useless to the mariner. All the phenomena can be 
imitated by taking a hollow sphere, with a very powerful magnet in 
its axis, the effect of tiie terrestrial current, of which we have 

* The celebrated De la Rive invented a contrivance by which this may 
he BhowQ instantaneously : it is sold by mathematical instnunent-malcers under 
the name of De h JiiveU Jiing. 
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spoken, hmg to make the earth in &et a huge maffnet The foroe 
with whwh the needle is moved varies greatly in different parts of 
the world, and is not constant at any place. The position of the 
points of maximum force or intensity is very irregular and inex- 
plicable. One is at present south-west of Hudson's Bay, and an- 
other in the South Atlantic in lat 20'' S. and long. 36° W. 

Qay Lussac proved by a balloon excursion that at an elevation of 
21,600 feet, the declination and intensity were the same as upon the 
earth's surfiioe. 

The circle which coincides with the vertical plane, passing through 
the^ direction of the needle, is called the magnetic meridian. The 
ma^etic equator deviates in the Pacific Ocean from the terrestrial 
equator, about 12^, and this is. at present their greatest deviation. 
Lines in which the declination is equal are called lines of equal 
variation ; and those where the dip is equal are called lines of equal 
dip. Magnetic storms sometimes occur, when the needle is violently 
agitate<l. One of these happened in 1841, and seems to have been 
general all over the world. These conmiotions are never of long 
doration. They are probably owing to changes which take place 
deep within the earth. 



PART IL 

ANEMOGRAPHY, OR DESCRIPTION OP THE WINDS. 



§ L — Classification of Winds. 

Tbb atmosphere experiences agitations which displace its parti- 
cles in every direction, and which all depend on a single cause, the 
interruption of its equilibrium, the restoration of whidi necessarily 
takes place in conformity with the laws conmion to all fluids. A 
change in the temperature of a column of air, the transformation of 
a portion of the atmospheric gases into water, their congelation, 
in a word, whatever causes a vacuum, a condensation, or an expan- 
sion, and consequently destroys the equilibrium existing among the 
different parts of the atmosphere, necessarily produces the rapid 
dJaplaoement <d a mass of air, that is to say, a wind. The winds 
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maj be classified on variouB prindpleB. Tkek Tdodty beong the 
circumstaDce most palpable to our senses, has giTen rise to the 
following classification ; ike velodties given being determined by 
Smeaton, the celebrated engineer, fiN>m many foots and exparimeiit& 

Appeltatton. Veloeitj per How. 

Very fight, . . • 1 mile. 

Gende, 4 miles to 5 

Brisk gale, 10 « « 15 

Very brisk, 20 « •* 26 

Highwmd, ........ 80 " « 86 

Very high, about 40 ** 

A storm, " 60 ** 

A great storm, ** 60 " 

A hurricane, " 80 « 

A violent hurricane, ... ** 100 " 

The direction of winds is not designated like that of marine oor* 
rents by the point of the compass to which they tend, but by the 
point firom which they come ; thus a northerly wind is directly 
contrary to a northerly current. 

With regard to duration, winds are distinguished as constant and 
variable; with regard to extent, — as general and partial. Two 
general and constant movements exist in the atmosphere ; the one 
prevails chiefly in the torrid zone, and carries the air westward with 
respect to the earth, and in a direction conformable to that of the 
general movement of the ocean ; the other, which is principally felt 
in the other zones, carries the polar air towards the equator, and by 
this means produces two polar currents or effluxes similar to those 
already pointed out in the ocean, the causes being in both cases pie- 
cisetythe same. 



§ n. — Constant, or Trade-Winds. 

We shall first consider the trade-winds, or those constant east 
winds which blow within 28° of the equator. The primary cause 
of the trade-winds is the expansion which the air undei^oes from 
the action of heat ; for the sun must evidently by its heat rarefy the 
air within the tropics much more than it does that beyond them. 
The equilibrium of the atmosphere being thus disturbed, the denser 
and heavier air flows in from the colder regions to restore it The 
currents have an apparent westerly motion precisely like the marine 
currents ; and as the same explanation applies to both phenomena, 
we need not give any particular explanation of that now under dis- 
cussion, as it would be merely a repetition c^ what we formerly said. 
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The trade-winds are divided into iouthemj or those that blow sonth 
of the equator, and narthemj or those that blow north of the equator. 
The former extends from about 3° N. lat to 22° S. in the Atlantic, 
24° in the Pacific, and 21° in the Indian Ocean. Towards its south- 
em border, it blows from the south-east ; hence some call it the 
south-east trade-wind. As it approaches its northern hmit, it becomes 
more and more easterly. The northern trade-wind extends from 
about 9"" N. to 28° N. m the Atlantic, and 25° K m the Pacific 
Its direction is at first north-east, whence it is sometimes termed the 
north-east trades, and it becomes more and more easterly as it ap- 
proaches its southern limit The trade-winds blow regularly out at 
sea : for near land, mountain chains, and the great heat produced 
by the strong reflection of the sim's rays from the land, often inter- 
fere with their direction. On the open ocean they generally blow 
steadily ; so that it has been said if there were a strait at the Isth- 
mus of Panama, a voyage to China could be performed much quicker 
by sailing westward across the Pacific, than by sailing eastward 
against these winds. In sailing from Acapulco to the Philippines, 
the Spaniards simply allowed themselves to be carried westward by 
the trades and the equatorial current, to the place of their destina- 
tion : and this is said to be the reason why they navigated the Padfic 
BO long without discovering any of those islands near which they 
must so often have sailed. 

During the day, and in summer generally, the land reflects much 
more heat than me water, while the latter frequently gives out more 
heat during the night, and in winter. This is the reason why the 
breadth of the trades is greater in the Atlantic and Indian Oceans, 
than in the Pacific, whose wide waters absorb an immense amount 
of solar heat, part only of which is returned by radiation, the rest 
becoming latent in the water evaporated, and passing off in the equa- 
torial oceanic current and its branches. For the same reason, the 
course of the trades in the eastern part of the Pacific is more uniform 
than in the Atlantic. On the coast of Africa, for example, from the 
equator to 10° N. lat., and from about 10° to 26° W. long., south- 
westerly winds are the most prevalent. The breadth of these winds 
becomes gradually greater as we approach the coast ; and hence we 
may conclude they are nothing but the trades turned in a north- 
easterly direction by the extreme rarefru^tion of the air produced 
above the burning sands of the Sahara and the arid Eong Mountains. 
But as the heat of these regions is sometimes greatly moderated by 
ieavy fells of rain, we need not be surprised to learn that that part 
of the South Atlantic where these winds prevail is very subject to 
hwvy squalls and thunderstorms, with intervening calms. 

As the northern and southern trades approach, the one in a great 
mmure neutralizes the other, and calms prevail over a aone of 5^ 



€r6^iiibrttdth. TimiBienaeAikeaMlmSjOt wariahlei; sndinthe 
ndghborfaood of land it is mbject occaaaoiiaUj to sqnaUa, heavy rains, 
and thunder-^tonns, which generally pass off very rapidly. Owing 
to the prevaknce of land in the northern hemisphere, ite centre, 
which may be considered the bonndaiy line <^ the two trade-winds, 
k north of the equator. It rans from about 3° to 12^ N. lat 
When the sun is vertical north of the equator, the r^ions immec^ 
ately under it have the air most rarefied. Hence, as he advances 
from the southern to the northern tropic, the centre of the varisibleB 
moves from about the 3^ to the 12° of N. lat When the sun turns 
south it moves the other way, the outer limits of the trades having 
a corresponding simultaneous motion. The variables seldom extend 
south of the equator, or north of lat 13^ N. But their limits varj 
from year to year. The same is true of the trade-winds. Sometimes 
the northern extend to 32^ N. lat. durinc: the summer solstice. In 
other years, they do not blow beyond 30^ N. The southern limits 
of the southern trade varies in the same way, though somewhat less 
extensively. Around the external limits of the trades, short calms 
occur ; but they are generally soon succeeded by squalls. 

When the polar currents have reached the equatcnial r^ions, they 
become rarefied in their turn, ascend into the upper regions, and flow 
back towards the Poles above the usual trade-winds. These currents 
are sometimes called the upper trade-winds. They begin generally 
about 2-1^ miles above the sea level. Their direction is evident from 
that of the clouds, and sometimes the volcanic ashes which they con- 
vey ; and they are felt on high mountains, like the Peak of Teneriffe. 
Their general direction is easterly, because their easterly motion is 
more rapid than that of the successive places to which they come. 
B^ the time they have got beyond the limits of the lower trade- 
wmds, they are sufficiently cooled to displace the polar current, which 
now flows above, while that fix)m the equator flows below. In the 
northern hemisphere, their course is north-easterly, and in the south- 
em hemisphere, south-easterly. They may be called the westerly 
trade-winds, in contradistinction from the tropical or easterly. The 
particular point at which the upper and lower currents will exchange 
places, depends partly on the position of the sun ; and hence over a 
great part of the n(»rth temperate zone, north-easterly winds blow 
generallv at certain times <rf the year, and south-westerly winds for 
most of the time. In the south temperate zone, a south-easterly 
wind blows, instead of the usual north-westerly. 

We can now easily understand why a voyage from the United 
States to northern Europe, is, on an average, ten days shorter than 
one in the contrary direction. We can also understand the reason 
for the course adopted by vessels from northern Europe on voyages 
to the West Indies. On the outward passage, they sad down to the 
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MadriraB, to catch the easterly trades ; on the retam passage, they 
sail north-west towards the JBermudaSy till they fidl in with the 
westerly trades. 

The particular place where the northerly and southerly currents 
exchange position, depends not only on the sun's position, but on 
particular local circumstances ; hence it is not at the same distance 
from the equator in eyeiy place, nor is it alwap uniform at one place 
every year. The zcHie within these limits is subject to sudden yaria- 
tions m the direction ci the wind, producing mat and sudden 
changes ci temperature ; it extends from about uie 85^ to the 46° 
of latitude. In the northern hemisphere, the westerly trades prevail 
up to 60^ N. ; in the southern hemisphere, they do not seem to ex- 
tend much beyond 55° S. The course of the winds beyond these 
limits is not as yet well known. 



§ nL — ^Variablk Winds. 

The inequalities of the earth's surfieuse, and the diversity of its 
soils, have, no doubt, a powerful influence upon the direction of the 
winds. At one place, mountains, covered with perpetual snow, arise, 
and prevent the air from undergoing the same expansion as in the 
valleys : at another, burning sands produce an unusual degree of rare- 
&ction. At a third, we observe large basins ci water, surrounded 
and irregularly indented by land. The air must, therefore, sufier 
relative and partial condensations and expansions. Hence the sea 
breeze, the limd breeze, and the mountain breeze. These changes, 
too, will occur differently, in summer and winter, during the day, and 
during the night. Hence the morning and the evening breezes, 
whose refreshing breath reanimates us, in the warm season. 

The tropical islands, notwithstanding their small circumference, 
have the air above them so much rarefied during the day-time, as to 
cause the general east wind to blow from all points of ue compass, 
towards the central summit of the island, forming the sea breeze, 
which generally springs up in the forenoon. From its refreshing and 
reviving influences, it is termed, in many of the West India Islands, 
the doctor. When night arrives, the sea radiates more heat than 
the land ; hence, the air flows back again from the summit, towards 
the sea, in every direction, constituting the land breeze. These land 
and sea breezes are most prevalent in the torrid zone ; but they are, 
by no means, confined to it. 

Chains of mountains may arrest winds in the lower re^ons of the 
atmosphere, or turn them from their direct path, and sometimes give 
them nunre impetuosity, as marine currents acquire greater force in 
ihe neighborhood <^ straito aoMl promontories, Sn£ violent move- 
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BMUti of the skjWbim ametod by an obMade, hav^ given pirtieiilnr 
notoriety to Cape Horn and the Cape of Good Hope, and many 
others. When a strong and sadden rarefaction of the air takes place, 
there is an outward current in all directions, generally followed by a 
strong current in the opposite direction. Of the former nature is the 
wind that blows from the desets of Africa and Arabia, termed 
mmoom and mmid in Arabia and Turkey ; ckamsin in 6yria and 
i^ypt ; and ItarmaUan in Western Africa. This wind was formerly 
•apposed to be rendered pestilential by an intermixture of poisonous 
gases : but it seems to be entirely free from anything of that kind. 
Its bad ^Eidcts are attributaUe to its extreme heat and dryness, and 
to the fine dust and sand mechanically sustained by it Ln crossing 
the Mediterranean, it becomes surcharged with moisture, and forms 
the sirocco of the Italians, and the solano of the Spani^xls, which 
produces languor and febrile irritation by its heat^ and by stopping 
the perspiration. 



§ IV.-^HuiautcAiniB. 

Hurricanes are produced bp^ anything which causes an extreme 
degree of rare&ction, or an extensive partial vacuum in the air. They 
may, therefore, result from intense heat, or frt>m the sudden forma- 
tion of a great quantity of rain. Anything, in short, which rapidly 
and extensively deranges the equilibrium of the atmosphere, wiU 
cause a hurricane, from the rush of air from all quarters, to restore 
the equilibrium. The nature of a hurricane may be understood by 
observing the whirlwinds caused by a strong fire in a clearing among 
the woods. The hurricanes of temperate r^ons are not in any way 
to be compared with those of the torrid 2»ne. Generally speaking, 
the former are nothing more than shght whirlwinds. But in a trop- 
ical hurricane, all the elements sometimes seem to have combined 
and armed themselves for the destruction of nature. The lightnings 
cross each other, the thunder roars without interval, rain Mk down 
in torrents. The velocity of the wind becomes excessive. FcMrests, 
houses, every object k swept before it, that is found in its path. 

Hurricanes begin in very different ways : sometimes a uttLe black 
doud appears on the summit of a mountain ; at the instant when it 
teems to settle on the peak, it rushes down the declivity, unrolk it- 
self dilates, and covers the whole horizon. At other times, the tem- 
pest advances in the shape of a fire-colored cloud, showing itself sud- 
denly, in a calm and serene sky. 

As the air rushes in from every quarter, it acquires a whirling 

jDoikOy so that it describes a spiral. Mr. Espy, m opposition to 

SedSeldMDd Beid, T n aj^ t i^na thai ^^ csostoaXa tiSt^fv^ tg«sh% \sl 4 
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straigbt line towaHa a centre. We presume tbis may be true to a 
certain extent at a distance from the centre oi large storms, and true 
to a greater extent of small storms ; but that strong currents can 
long move in straight lines without acquiring a spiral or gyratory 
motion, is at variance with all that we otherwise know of the motions 
of elastic fluids, except in the single case where all the currents are 
equally powerfiil at every point of the drcumference, a thing which 
must be of comparatively rare occurrence. The common whirlwinds 
are familiar instances <h the gyratory motions ; and the extensive 
researches of Redfield, confirm^ by the immense number of details 
collected by C!oL Reid, prove that the motion of hurricane currents 
is similar. Nothing is more common than for navigators to find, on 
comparing logs, that the one had a strong westerly wind, while an- 
other had a strong wind in the opposite direction, not more than 50 
miles south, and a third, not more than 100 miles further south, had 
no storm whatever. The motion of the wind gradually becomes 
swifter towards the centre, or axis of the storm ; but on the very 
axis there is a calm. Hence, there is first a strong wind in one di- 
rection, then a short calm, followed by a violent wind in the opposite 
direction. Tlie diameter of the calm ranges from 5 to 30 miles ; 
the conmiotion never extends higher than 5 miles perpendicular 
height^ and sometimes only one nule. Sometimes the area covered 
by the tempest is 1,000 miles in diameter, but generally it does not 
exceed 200. The axis of a hurricane moves witii a velocity varjring 
from 15 to 40 miles, the average being about 20 miles an hour. 
The inc^on of the earth causes the axis to lean forward, and leads 
to an ascent oi the lower and warmer air, which^ mixing with the 
upper cold air, produces torrents of rain and electric explosions. 

The two principal r^ons of hurricanes are the West Atlantic 
and the Indian Oceans. The Atlantic hurricanes begin generally east 
€i the Leeward Islands, in lat 18^ N. They move north-west till 
they are off the coast of Florida, about 25° or 30° N., and then 
pass north-east along the American coast and across the Atlantic. 
They generally terminate south-east of Newfoundland ; but some- 
times they reach the ccxitinent of Europe. They describe a curve, 
nearly parabolic, with the focus generally a little south of the Ber- 
mudas. The circular motion c^ the wind, considered from the axis, 
is always from right to left; and such is the direction of all hurri- 
canes m the northern hemisphere. A knowledge of this i^t will 
enable the navigator to sail away from the strength of the tempest. 
If it blow from the east, the axis is to the south, and he should steer 
north ; if from the west, the case is reversed. K it blow from the 
north, the axis is to the east, and he should sail to the west, and 
BO on. 

In the Indian Ocean, the course both of the axis and the rotatmg 
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currents is reyersed. Here the hurrica&es generally begin north- 
east of Madagascar, about long. 80° K, and lat. 10° S., and the axis 
moves at first south-west, towards Madagascar, and then south-east, 
in the direction of St Paul's Island, describing a parabola, of which 
the Isle of France is near the focus. The revolving of the current 
is here from left to right ; and a vessel would, of course, sail in a 
direction opposite to that required in the Atlantic hurricanes. The 
storms of the southern hemisphere generally rotate in the same 
direction. 

Ilurricanes occur when the sun is most powerful on that side of 
the equator — those of the Atlantic from June to October, and those 
of the Indian Ocean from December to April. 

The typhoons are simply violent hurricanes, which prevail in the 
China Sea, and eastward to 135° £. long., their range becoming 
wider as we proceed eastward. They rotate l&e the Atlantic hum- 
canes. 

In, consequence of the centrifugal force of the air in a hurricane, 
its downward pressure is much diminished ; and this is indicated by 
a rapid falling of the mercury in the barometer. The air is gene^ 
ally disturbed for some hours before it begins to blow with any great 
degree of violence ; and hence, the wary mariner has time to pre- 
' pare for the coming storm. The barometer has thus been repeatedly 
the means of saving vessels, and the lives of all on board. When 
the force of the storm is spent, the barometer begins to rise, and 
then the navigator may gradually unfurl his sails. 

Although hurricanes follow a certain direction, they do not move 
with a uniform velocity in every part of their course ; and sometimes 
they have been known to stop altogether for awhile, and then resume 
their course. Sometimes two hurricanes are simultaneous, and move 
in parallel directions ; at other times their courses are inclined, and 
they meet, when a tremendous commotion ensues. A hurricane has 
also been known to be divided into two by a promontory. 

The diminished pressure of the air occasioned by a hurricane, 
sometimes leads to the formation of a huge swell on the ocean. 
This is, of course, highest in the asds, where it is often two feet in 
height. This wave moves along with the tempest, and sometimes 
rolls against the land, whose resistance raises it to su(^ a height that 
it resembles an earthquake wave, and does great damage to life and 
property. 

Tornadoes differ from ordinary hurricanes only in being less ex- 
tensive in their range, and more rapid in their motion. Common 
whirlwinds are only tornadoes on a small scale. 
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§ V. — ^Watkr Spouts. 

Water spouts are distinguished as terrestricd and marine. The 
latter are found to occur in the following manner. Under a dense 
dond, the sea becomes agitated with violent commotions ; the waves 
dart rapidly towards the centre of the agitated mass of water, on 
arriving at which they rise, whirling round in a spiral direction to- 
wards the cloud. This conical ascending column is met by another 
desoen^ng colunm which moves towards the water and joins it In 
numy cases, the marine column is from 50 to 80 &thoms in diame- 
ter near its base. Both colunms, however, diminish towards the 
middle where they often unite ; so that here they do not extend 
more than 3 or 4 feet in diameter. The entire column presents it- 
self in the shape of two cones joined at their apices. This colunm 
glides over the sea, sometimes without any wind being felt. Indeed, 
several have been seen gliding at the same moment in opposite di- 
rections. When the cloud and the marine base of the water spout 
move with unequal velocities, the lower cone is often seen to incline 
sideways, or even to bend, and finally to break in pieces. A noise is 
then heard, like that of a cataract falling into a deep valley. Light- 
ning frequently issues from the centre of a water spout, or from the 
sdes, particularly when it breaks ; but no thunder is heard. 

Hiis phenomenon is explained in the following manner. Two 
irinds of different temperatures meet ; a vortex ensues. Their var 
pors are condensed and turned round with great velocity, so that 
they assume a conical form. This rotation impresses all the partidea 
of the doud with a centrifugal force : they are driven towards the 
exterior sur&ce ; a vacuum is produced wiuiin about the axis of the 
cone ; water, or any other body lying beneath this vacuum, is carried 
into it by the effect of gravity, striving to re-establish an eqiu- 
libriom. 



§ VL — Monsoons or Periodical Winds. 

These winds prevail diiefly in the Indian Ocean. From the 10th 
degree of south latitude to the Tropic of Capricorn, and beyond it, 
the general east or south-east trade-wind prevails over all the Indian 
Ocean, — sometimes, in summer, extending as far as the 2d and 3d 
d^rees of south latitude. On this side of the 10th degree, we first 
meet with the monsoons, or periodical half-yearly winds : from April 
to October, a strong south-west wind prevails, accompanied with 
storms and rain, whSe a dry and pleasant north-east wind prevails 
during the other 6 months. South of the 10th parallel, the trade- 
winds Mow leguJarlf, 

9* 
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The monsoons do not change, or, as saflors would say, do not 
break, suddenly. Their change, which usually takes place fifteen 
days or four weeks after the equinoxes, is announced by the decay 
of the existing monsoon, by cauns and squalls in rapid succession ; 
by storms, water spouts, tornadoes, and typhoons. The beginnings 
of the subsequent monsoon are liable to variations, at first, till 
finally it establishes an absolute dominion. The elevation to which 
the monsoon extends is but small, as appears in the peninsula within 
the Ganges, where the monsoons arc arrested for several months, by 
the mountain chain of the Ghauts ; so that the coast of Coroman- 
del, and that of Malabar, have always their dry and rainy seasons 
at opposite periods of the year. 

According to the preceding description, it is the south-west mon- 
soon alone that presents any phenomenon directly contrary to the 
ffeneral movement of the atmosphere ; for the north-east monsoon 
B in conformity with it. What then is the origin of this monsoon, 
or half-yearlv wind, which in summer blows firom south and south- 
west over all the Indian Ocean ? 

The monsoons always change some time after the equinoxes; 
they constantiy blow towards that hemisphere in which me sun is 
found. The action of this^ liuninary on the atmosphere is, there- 
fore, plainly one of the causes of their origin. When its rap ara 
reflected from the mountains of Thibet, they scorch the plains of 
Bengal, and the valleys of the kingdom of Siam, and rarefy tho 
atmosphere much more than it is rarefied under the equator, where 
much of the heat is absorbed by the main or rendered latent in 
the evaporated water. This causes the southern trade-wind to come 
north of the equator. Here its easterly motion is more rapid than 
that of the earth ; and therefore it blows to the north-east This 
motion is further aided by the great rare^tion of the air in sunmier 
on the great central plateau of Asia. When the sim has moved 
towards the southern tropic, the state of matters is reversed ; the 
southern trade-wind retreats beyond its usual limits ; and the cold of the 
Asiatic continent enables the northern trade-wind to resume its usual 
course. In the same way the rarefaction of the air above the burn- 
ing sands of Arabia and Beloochistan give the southern trade-wind 
on the eastern coast of A&ica a north-easterly direction, durii^ the 
summer. The southern monsoon, therefore, is simply the southern 
trade-wind, blowing in a north-easterly, instead of a north-westerly, 
direction. The south-westerly winds that blow occasionally on the 
Guinea coast are essentially of the same nature ; and similar causes 
produce a northern monsoon on the coast of BraidL 

Over most part of the Indian Ocean, the northern monsoon pro- 
ceeds firom the north-east. On the other hand, as the seas of Ghma, 
cf Borneo, of New Guinea, and oi Java^'W)^ \iia ^srse&s^ c:^ Asia to 
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the north and north-west, ^e monsoon comes to them from these 
points. It arrives in a slow progression, in consequence of the many 
islands, whose elevated summits arrest and turn it aside. The north- 
east monsoon is mild and agreeable, because the mass of air con- 
densed on the central platform of Asia during summer, ha>ing origi- 
nally passed through the torrid zone, and afterwards remained exposed 
to the sun's action about the time of the sdstioe, has therefore 
lost the cold and the cloudiness which it might otherwise have ac- 
quiredy from contact with the Siberian atmosphere. 



§ Vn. — ^UTBLrrr and Pleasure Dertvsd from Wnras. 

The winds, it is well known, purify our atmosphere, by keeping up 
a perpetual agitation in it ; they dissipate the miasma exhaled from 
marsnes and m>m stagnant water ; they excite motions in the waters 
which prevent them from putrefying, and assist them in absorbing 
the air on which their numerous tenants hve ; they raise and trans- 
port the clouds destined to fertilize the ground by means of rain. 
Minions of seeds, frumished with their litUe pinions, ride upon the 
wings of the wind, and spread a£u* the empire of vegetation. The 
insenuiiy of man has made a lever of the winds, which, when ap- 
plied to machinery, spares him an immense deal of toil. If the 
ocean is the highway of our globe, winds are the inde&tigable 
oomrsen which rapidly transport our ships from port to port 

Ckniaidering wmds in a picturesque point of view, how many 
gratifications do they procure to a lover of the great spectacle of 
nature I and above au, to the inhabitant of the mountains ! Some- 
times they spread over the valley a curtain of clouds, which shows 
the summits of the (ax distant Alps, like so many islands scattered on 
the sar&oe of the ocean ; at other times, they present to us all at 
onoe, a most astonishing prospect, in which the brightest sunshine 
ferms a happy contrast with the silvery shadows. In summer and 
autumn evenings, it is the winds which, accumulating and marshall- 
ing their long trains of clouds, create and destroy betore us, in a few 
moments, those aerial mountains, and fugitive landscapes, which are 
80 variously and gorgeously tinged by the fires of the setting sun. 
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PART IIL 



CUMATOLOGY, OR DESCRIPTION OP CLIMATES AM 

THEIR LAWS. 



§ L — Natubk and Causes of Climate. 

Climate comprehends the degree of heat and cold, the droit, 
the humidity, and the salubrity, which occur in any given regk)] 
the earth. The causes of physical climate are nine in number : 

1st. The action of the sun upon the atmosphere. 

2d. The interior temperature of the globe. 

3d. The elevation of the earth above the level of the ocean. 

4th. The general inclination of the surface, and its local expofi 

5th. The position of its mountains, relatively to the cardinal po 

6th. The neighborhood of great seas, and their relative situai 

7th. The geological nature of the soil. 

8th. The degree of cultivation, and of population, at whic 
country has arrived. 

9th. The prevalent winds. 

The air does not appear to acquire immediately, by the paa 
of the solar rays, a considerable degree of heat This is proved 
the successive coldness of the higher strata of the air, which is obsei 
upon all mountains. It seems to derive more from the radiation 
convection from the earth. 



§ n. — Direct Ikflusnoe or the Sun on Climats. 

The degree of immediate solar heat received by any place, is 
termined by four causes. The first is the distance of the sim £ 
the earth. K we take the mean distance of the sun, equal to 10,( 
the distance at the summer solstice is equal to 10,166 ; and at 
winter solstice, to 9,834 ; the proportion is nearly as 30 to 29. ' 
quantity of rays falling upon the same plane, being inversely as 
squares of the distances, their proportion will be 841 to 900, o 
1 to ItV* Thus, the quantity of solar rays which the globe reoe 
during an instant in winter, i& gtQa\/e;t liSci^ai \lb^\. "vi^adLvt toioam 
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mmmer. But we miiBt remember that as it mores &ster in winteri 
it will on that aooount receive the less heat while describing a certain 
ai^ular space. The second cause which we have to consider, is the 
direction, more or less oblique, in which the rajs strike the earth. 
This depends upon the meridian height of the sun, and therefore 
raries with the latitude. The more directly the rays fall, the greater 
IB the number &lling upon a given space, and the less is destroyed 
or lost in the atmosphere. 

The third circumstance to discover, is the length of the day, or tho 
length of that semi-diurnal arc which tlio sun describes. The con- 
tinuity augments the effect, and the short nights allow only a smaQ 
quantity of the acquired heat to radiate. The fourth, and Last cause 
which modifies the solar heat, is tlie refraction which the rays ex- 
perience, in passing more or less through the different strata of the 
atmosphere. Bouguer has calculated that, taking 10,000 rays, 8,128 
of them arrive at a given point, if they come perpendicularly ; 7,024, 
if the angle of direction is 50 degrees ; 2,831, if it is 7 degrees, and 
only 5, if the direction is horizontaL But such calculations are of 
fittfe value. 

Of several methods of estimating the direct influence of the sun, 
ve believe that to be the most reasonable, and accordant with ob- 
lervation, which makes it vary as the cosine of the latitude : for, the 
Tomtiom due to the difierent thicknesses of atmosphere traversed hj 
the rays, appear to be insignificant. From this principle, it would 
fellow, tliat the sun's direct influence would decrease very slowly till 
we fi^o beyond the tropics. Thence to 45^ it would decrease mode- 
ntcly; and beyond 45^ it would decrease n»>idly. Observation 
ihowB that such is actually the case, though the other influanoea 
mentioned above, produce wide departures m>m the rule in particular 
localitieR. 



§ in. — ^Intltisnoe or thx Internal Heat or the Globe. 

Some persons have sought in the internal heat of the globe, for the 
cause of climates ; and such a heat, without doubt, exists in the 
bosom of the globe ; but if it had any perceptible influence on 
cUmate, it would act more powerfully, and with more uniformity. 
Its beneficial influence would be felt towards the Poles, as well aa 
imder the equator. 

It has been found, that the temperature of the earth increases only 
about V Fahrenheit, for every 60 or 60 feet of descent below the 
BQr&ce. At the same time, the sun's influence does not extend down 
beyond 100 feet : for, below that point the temperature is unifona 
Huoagbout tiiB ywr. From these Ceu^ it neoQiiaar^7 i!J^<v«%^^ik^^QQi^ 
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internal heat of the earth is entirely independent of the sun ; and 
that the cHmate on the surface is equally independent of the former. 



§ IV. — ^Influence of Elevation. 

With the elevation of the land, cold increases in a very rapid pro- 
gression. It is superfluous to produce examples of this. It is the 
eoQtintted elevation of the ground, which, in Central Asia, extends 
the cold regions to the 35th parallel of latitude ; so that in ascending 
from Bengal to Thibet, we imagine ourselves transported, in a few 
days, from the equator to the pole ; and in Peru, a few hours' walk 
conducts the traveller from the temperature of the torrid zone, to that 
<rf the polar regions. The decrease of temperature produced by 
elevation, is neany 1® Fahrenheit, on an average, for every 250 feet, 
&om the sea level to an altitude of five miles. So that, if the heat 
were 80^ at the sea level, it would be 20^ below zero on the top of 
a mountain 25,000 feet high ; and below the freenng point at an 
elevation of about 13,000 feet. 



§ V. — ^Effects of Aspects. 

Every one knows of what effect, as to temperature, is the exposure 
ci a soil, relative to the sun. A hill inclined 45 degrees towards the 
south, when the sun is elevated 45 degrees, receives the solar rays 
perpendicularly — ^whilst upon a plain, the same rays strike upon 
the soil under an angle of 45 degrees, and a hill, inchned 45 degrees 
to the north, will be struck by the solar rays, in a horizontal direction, 
which makes them glide along its sur^u». If the ground is still 
more inclined to the north, it will receive no rays, but remain in the 
shade. These differences, which are easily perceptible in hilly coun- 
tries, are extreme in moimtainous regions. It is thus, that, in the 
Vallais, we see the Alps, on one side, covered with eternal ice, while 
vineyards and orchards adorn the opposite hills with all the charms 
of fertihty. 

There is another circumstance to be observed. The angle of inci- 
dence of the ravs of the sun, is determined for any given moment 
of the day, by the exposure of the land ; but it varies also, with the 
diurnal course of the sun. The hill, which in the morning received 
the solar rays in a direct angle, receives them more oWiquely at 
noon, — and, perhaps the rays, in the afternoon, will merely ghde over 
the surface of the ground. The case is precisely the reverse with 
JbiJk exposed to the west This is attended with very remaikaUe 
€t0tao8taoeeB, which we wiU now e(xi^\Kai% ISj^^tj ^tratoroi < sgy »w^ 
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fiom souih-west to Hoiih-west, ought to be warmer tlian the o(»rre- 
flpoading eastern exposure, all other things being equal : for, the rays 
of the morning, whKh directly strike the hills exposed to the east, 
haTe to counteract the cold which has accimiulated there during the 
night When the atmosphere, during the afternoon, shall have reached 
its greatest degree of warmth, the solar rays will no longer serve to 
concentrate this mass of heat upon soils lying towards the east ; for 
they will fall only obliquely. On the contrary, those hills which in- 
cline towards the west, have already been provided with heat during 
the whole monung ; and, as soon as the solar rays strike them in a 
direct manner, they collect, and concentrate all the caloric of the at- 
mosphere, without encountering any obstacle. Everything, on the 
contrary, will concur in promoting their action. 

According to this principle, south-south-west, and south-west situa- 
tions, are the warmest of all, whilst, on the contrary, those of the 
Dorthreast are the coldest 

It is scarcely necessary to observe that we speak here only of the 
northern hemisphere, and that we leave out of view all local and 
temporary circumstances. 

If we consider aspects of themselves, without reference to other 
circumstances, we may compare the eastern one to spring, the 
south to sununer, those of me west to autumn, and those of the 
north to winter. 



§ VL — ^Ikflubnck of Mountaiks. 

The position of mountains is not always essentially connected with 
dediyitieB of ground, since there are some plateaus which, at least 
as to a portion of their extent, have no general declivity ; as in 
Mongolia and Thibet: and, on the other hand, we find countries 
whicA incline on several sides, entirely destitute of mountains ; as, 
fxx example, the centre of European Russia. 

Mountains act upon climates in two wb.js. They attract vapors 
suspended in the air ; these vapors, by their condensation, produce 
fogs and clouds, which generally conceal the summit from our view. 

Often, also, these assemblages of watery substances, which the 
winds waft in every direction, are stopped in their devious course by 
chains of mountains, in the elevated valleys of which they continue 
to accumulate. 

Although mountains cannot prevent the motions of the atmos- 
phere, they may, by arresting them, render particular winds more or 
lessprevalent in certain tracts of country. 

There can be no doubt that the Alps contribute in seouiiii!^ tA 
Itelf Ht d^htM and happy dimate, itA 'pefr^\»i8i %Y^v&!%»> «^ 
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double liaryests. Central and Souihem Russia, on tiie other hsnd^ 
are exposed to cold disproportionate to their latitude and exposure, 
which is, in a great measure, southern ; and it is owing to the want 
of a chain of mountains in the north, which might weaken the actk»i 
of the winds that blow from the White Sea, and the Uralian Moun- 
tains. Siberia is in a different and more unfavorable predicament 
It slopes to the north, and consequently, Hes open to winds from 
the Frozen Ocean ; and, at the same time, its great inchnation is, 
on the south side, crowned with the Altai Mountains, which hinder 
the cold winds from passing away, and also intercept the warm 
breezes oi southern A^ 



§ Vn. — ^Ikfutbnoe of Valleys. 

The shelter from winds which is afforded by mountains, may some- 
times become hurtfrd from excess. Thus, we find the heat prove 
insupportable, in those valleys which, in summer, concentrate and 
strongly reflect the rays of the sun. 

When valleys are extensive and wide ; when they present a con- 
siderable declivity for the flowing of waters, and afford free access to 
winds from the north, the temperature may then be dry, cold, and salu- 
brious. But in valleys which are low, narrow, and hollow, and whieh 
receive dry winds only obliquely, unwholesome air stagnates, and the 
waters find no ready outlet, the surfece becomes marshy, and damp- 
ness and fogs are apt to prevaiL In such places, we sometimes meet 
with those feeble and stupid beings called cretins, who become deaf 
and dumb, and almost blind ; and whose spiritual nature appears 
lost in the animal, while their necks, swollen and pendent to a fri^t- 
ful degree, render their very appearance disgusting. These wret^ed 
beings are confined to the narrowest part of the valleys of the Alps ; 
and they cease to exist where the valleys widen, near the summit of 
the mountains, where a brisker and drier atmosphere prevails, and 
where the inhabitants enjoy health* The foul atmosphere and chilHng 
damps which constantly brood over the narrower valleys of the 
Swiss Alps in winter, may be regarded as the true cause of goitre 
and cretinism. These maladies are to be found also in the low val- 
leys at the base of the Pyrenees and Appenines, and in some of tlie 
valleys of Dauphin6 and Upp^ Provence. 



§ Vin. — ^Effects op the Neighborhood of the Ska. 

The neighborhood of the sea moderates the excesses of tempera- 
taF&, Jfl hot climate^ the nuan&ai^T^^^ 
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of the interior ; and in high latitudes, the ooasts and islands are less 
cold than the interim of the continents. In many of the tropical 
isles of Polynesia, for example, the temperature is never so hign as 
it often is at Quebec, where the mercury of the thermometer some- 
times freezes in winter. In the mountains of Norway, so intense is 
the coldy that it has sometimes proved &tal to the Swedish armies, 
whose dead bodies have been found lying in ranks on the ground — 
while the port of Bei^en does not freeze so often as the river Seine, 
im France. Laurels, %-trees, myrtles, and pomemnates, which can- 
not subsist in the centre of France, grow natunuly in abundance at 
Brest. The temperatures of the cdnerent seasons, also, approach 
nearer each other in the neighborhood of the sea. At Plymouth, in 
England, although the mean heat of the year is, on the whole, much 
less than that of Paris, the winter months are much less cold. 

The cause of this is easily understood. In summer a great deal 
of the heat la absorbed by the water ; and more becomes latent in 
what evaporates. In winter, again, the latent heat is set free by the 
condensation of the vapors ; and the water radiates much of the heat 
it abscnrbed in summer. In countries &r from the sea, or any great 
body of water, the sun's heat is freely reflected from the lai^ in 
fiommer, and there is no extraneous supply in winter. Large bodies 
ci fresh water have the same influence as the sea ; hence the climate 
round the great lakes of North America is more moderate than in 
file same latitudes, at a distance from them or any other waters. 



§ IX. — ^Invlusnoe of Soils. 

The internal nature of the soil must have an influence on dimate, 
in a variety of ways. All grounds are not heated equally soon. 
One soil quickly parts with its acquired heat, while another retains 
it for a long time. Clayey grounds, retaining much water, moderate 
the temperature, while ro<^ and sandy soils, allowing the water to 
flow ofi^ fftvor extremes. Marshes and stagnant waters render the 
atmosphere damp and obscured by fogs. This is the reason why the 
winter in Holland, under 52° of latitude, is often more disagreeable 
than that of the Danish Islands, under the 55 th parallel 

The effect of marshes in hot countries is still more unfavorable : for 
they ferment and evolve a great quantity of putrid effluvia, and ^- 
Bonous gases. It is to these that the imhealthy coasts of tropical 
regions owe their pestilential climate. 
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§ X — ISWLWKCB OF TBS LaBORS OF MaIT, 

Without the arts ci cttMratioii, the climates of some oonntra 
would he iosvpportahle. Let ns cootemplate sneh a coimtiy. The 
liversy left to themselves^ heeome choked, and orerflow, and their 
waters senre only to form pestilential marshes. A lahjrinth of 
thickets and hramUes overspreads the hills ; the meadows are oveT- 
grown with moss and weeds ; the forests are impenetrahle to the 
rays of the smi ; no wind dispenses the pntrid exhsdations which arise 
from &llen trees ; the scnl, excluded frcon the genial and puri^g 
warmth of the air^ exhales nothing but pois(»is, and an atmosplieie 
of death gathers oyer the whole comitrj. Obserre the diff<»enoe, aa 
soon as the conntoy is settted, rivers opei«d, marsies draned, and 
tiie earth opened by the plough to the mflnence of the sun and wmd ; 
the atmosphere, soil, and wateis acquire salubrity, and a new creation 
q)rings up* 

But the cnltivati^Ma of a new country is sometimes attended with 
disastrous consequences. The moment a new soil is opened by the 
plough, and penetrated by the rays of the sun, it necessarity unde^ 
Ipoes rapid decompoatioo, and exhales unhealthy vapors. Hence, in 
part, arise those epidemic maladies which ravage colonies newly 
established. The destruction of forests, also^ is productive of evil 
results, when they lie rotting on the earth, and leave exposed a vast 
sur&oe of country, to the exhalations of which we have been fspetk- 
ing, and the strong evaporative powers of a warm sun. 

In the Cape de Yerd Islands, the burning of the forests has dried 
up its springs, and rendered the atmosphere sultry. Many parts of 
Persia, Italy, and Ghreece, have thus been deprived of their defightful 
temperature. The cutting down of the forests, which once covered 
the Pyrenees, has rendered the climate unhealthy in the Yalley of 
Azun, in the department c^ the eastern Pyrenees ; because the ab- 
sence of that barrier permits a free passage to the solano. Similar 
complaints are made in Castile and Arragon. 

In general, the ^ects of clearing and cultivating a country are to 
render the summers hotter, and the winters colder. For the bare 
surface radiates the heat more freely than the forests in summer, and 
consequently gives out less in winter — while it allows the sur&oe of 
the ground to be swept l^ the cold winds, and affords no shelter ficom 
the frosts. Thermometrical registers directly contradict the common 
opinion, that the ^orth American winters are now warmer, and the 
summers colder, than formerly. Thus the mean temperature of 
winter at Philadelphia, from 1771 to 1775, was 34.06°, and that of 
snnuner 71.62° ; while, from 1822 to 1824, the mean of winter was 
S2S8% and of summer 76.1 ft°. Al §>aV«ai^ '^wa.^^^ik v^vcai^ oi 
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innicr, from 1Y86 to 1793, was 29.21*^, and of summer 69.42®; 
from 1814 to 1819, the average of winter was 25.85^, and of sum- 
mer 68.45° ; from 1800 to 1807, the average of summer wjis 70.69°. 
Perhaps no place in the world, which is not much elevated above the 
sea, and is as &r south as the parallel of 40^, has severer winters or 
hotter summers than Pekin, around which tlie country has been ex- 
tensively cleared and cultivated for thousands of years. 



§ XL ^LfFLUKNCE OF WlKDS. 

The particular winds which predominate over every country, vari- 
cusly modify the united influence of all tlie elements which constitute 
diniate. DUt the nature, intensity, and direction of the winds de- 
pend upon general and local exposure, the neighborhood of the seas, 
the elevation of mountains, and other grcumstances. Tlius, the 
causes of chmate form, together, a circle, of which we can point out 
neither the flrst hnk, nor tne last. 

As all the variations of winds depend upon the equilibrium of the 
atmosphere, the heat of one climate and the cold of another exer- 
cising a continual influence upon eacli other. The northern parts of a 
gre^ continent will sometimes send forth their cold air towards the 
southern parts, and sometimes they will receive warm air in return. 
Hie heat of the torrid zone, and the polar cold, balance each other ; 
and upon the fluctuations of their equilibrium depend several of 
the variations of heat and cold, which are felt in the temperate 
zones. All winds in the temperate zone, coming from the neigh- 
boring Pole, are cold ; and all winds from the equator are liot, with 
some exceptions, occasioned by local circumstances. Thus the 
southern wind cools and refreshes the en\irons of the Cape of Good 
Hope, while the northern wind has the same effect upon Europe. 

The effect of all the constant winds is to cool the equatorial 
regions, and warm the temperate and polar. Tlie ix>lar currents, in 
their course towards the equator, absorb much heat directly ; and 
being much drier than the air which they come to replace, they pro- 
duce a still greater degree of cold by causing a more rajjid avaixyra- 
tion. The return currents flow towards the polar regions, heated 
and loaded with vapors which contain an immense amount of latent 
heat. As they recede from the tropical regions, they i)art \\nth a 
great proportion of their own heat, while their vapors gradually 
condense, and part with their 1,000 degrees of latent heat; then 
they descend in the form of rain, and find their way back to the 
tropical regions in the polar oceanic currents. Were it not for these 
wise provisions of a benevolent Pro\ddence, a great part of the 
torrid zone wovld he, what the ancients generally tkought it wsfeuallY 
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was — an uninliabitable solitude, burnt up with bieat. At the same 
time, all the polar, and a considerable portion of the temperate 
lones, would be equally desolate from extreme cold. 

The above facts lead to a simple explanation of two phenomena, 
of which several elaborate and yet unsatisfactory explanations have 
been given, viz^ the greater warmth of the western than of the 
eastern sides of the two continents, and the lower temperature of 
the climate of the United States than of the corresponding latitudes 
in Western Europe. The westerly trade-winds discharge most of 
their vapors on the western sides, because these are mostiy exhausted 
before they reach the eastern side. The cause then is predsely that 
"which renders the climate of the western side of Britain milder than 
that of the eastern : the vapors are condensed much more freely on 
the western side, as is evident from the fact that much more ndn 
fidls on that side of the island. Thus 32 inches is the annual M 
at Liverpool, while at London it is only 23, and at Berlin, nearly in 
the latitude of Liverpool, it is only 19. So in the United States, 
the fall of rain at Green Bay, in Wisconsin, is 38 inches, while that 
at Portsmouth, in New Hampshire, is under 29 inches. The sur- 
prise often expressed regarding the cold winters of the northern 
states and Canada now receives a satisfactory explanation. We 
liave only to go sufficiently far east in the old continent to find them 
equally cold ; and if we go further they are colfler, because the old 
continent has a much wider eastern range. Thus the winters are 
warmer at New London, in Connecticut, in lat. 41° 20^ than at 
Pekin in lat. 39f \* while the summer is 10^ cooler. 

The more a tropical country extends from east to west, the more 
the trade-winds are heated by passing over the lands scorched by 
the sun. Tliis is the reason why the Antilles, or Caribbee Islands, 
enjoy so moderate a temperature, while Seneganibia is afflicted with 
the most overpowering heat. Congo also is warmer than Zangue- 
bar. If the mountains of Peru have a colder chmate than Bra^, 
it is because the elevation of ground, or any other local circum- 
Btance, may often have sufficient influence to neutralize the effect of 
a general cause. 

Countries entirely exposed to the hot winds of the south have 
frequentiy a very warm, and sometimes an unhealthy atmosphere. 
8uch are the coasts of Caramania or ancient Cilida. At Satalia, 
and at Adana, the bad air compels the inhabitants to retire to the 
mountains in summer. Cilicia is a narrow plain bounded on the 
north by the chain of Mount Taurus ; and the winds which flow 
fix)m the south being reflected by the mountains, cause suffocating 

* We do not mean to assert that the cause here assigned is the sok^ but 
coly that it is the main cause. The wide extent of frozen region north of 
A merica ^ tuad the neighborhood o£ Alrka, ba^e coiqa isfluKkoe. 
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heatf and tkere are manhes and stagnant pondi on the coast The 
southern wind of the Mediterranean is known to be generally damp, 
hot, and unwhcdesome. In the Island of Lesbos, southern winds 
oftcoi cause epidemic complaints ; and in Attica it is the same. On 
the coasts <^ the Persian Gul^ the southern winds bring on the 
rainj season and su£Rx»ting heat At Bassora, the southern wind 
paralyses the strength of the inhabitants, and renders them subject 
to fevers. 

On the northern coast of Africa, the southern winds are often cold, 
and always dry, because they blow from Mount Atlas, At Paris, too, 
the southern winds are charged with the atmospheric cold of the 
Mountains of Auveigne. The south wind is very cold in Swabia 
and Bavaria, because it blows from the Alps. Everywhere, winds 
are modified according to the nature of the places over which they 
blow. 



§ XTT. — Glassitication of Clihatss. 

The principal elements which modify climate are heat and cold, 
humidity and dryness. Thence there result four principal climates. 

We have, first, the hot and dry climates. Such, in an extreme 
degree, is that of the deserts of Sahara, and of Arabia. The earth 
li scorching; the sky appears to be on fire ; and even brackish water 
18 scarce. Plants languish for want of nourishment ; the men and 
animals, though strong and brawny, are few in number. Olive com- 
plexions and bilious temperaments prevail in the inhabitants. The 
most enormous reptiles, and most ferocious wild beasts, are found 
in Africa, and among the burning sands and jungles of Hindostan, 
where the intense heat seems to impart vigor and variety to their 
numbers. 

The hot and humid climate prevails in Bengal, in Mesopotamia, 
on the coasts of Zanguebar, Senegambia, Guiana, and Panama. 
Theee countries enjoy Hie verdure of perpetual spring, and furnish 
the most gigantic productions of the vegetable kingdom ; but there 
also, reptiles of unwieldy length wallow in the mud of marshes, 
steaming with pestilence. In these countries man seems to degen- 
erate, both physically and mentally. 

The cold and dry climate supports a hardy, though not a profuse 
vegetation. The waters are generally cold, pure, and hard. Ani- 
mals and men are strong, active, and healthy ; the moral and physi- 
cal constitution are in a state of equilibrium. The light hair and 
white skin are characteristic of this climate, which predominates 
over the greatest part of Europe and a great part of Asia. 

The cM and humid climate in ita extremi^%\k(^ ^^ik ^sx^«ne&RR^ 
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jb Labrador, envelope the atmosphere in unwholeeome fega, and 
lednoes vegetation to a checriess, monotonons succession of stunted 
woods and creeping moss. Manj of the animals are covered with 
a thick fiir, under which they remain t(»7>id for half the yesr ; and 
man himself is chiefly occupied in defending his physical hie against 
the inclemency of the soil and climate. 

A temperate climate, in the true sense of the tenn, denotes an 
atm(»phenc constitution, in which the hot, the dry, and the humid 
are equally modified, or moderated by each other. But where one 
of these succeeds the other, the climate is rendered more disagree- 
able than if one tunlbrm temperature continued. It is thus tliat 
the inhabitants of Astrachan feel in summer the heat of Africa, and 
in winter the cold of Siberia. 



§ Xin.. CUMATES OF THE TORBID ZoNS. 

The torrid 2Sone experiences only two seasons ; one dry, and the 
cither rainy. The dry season is regarded as the summer, and the 
wet, or rainy season as the winter of these climates ; but they are in 
i&TBfi opposition to the celestial winter and summer, ibr the rain al- 
ways accompanies the sun : so that when that luminary is in the 
northern signs, the countries to the north of the line have thor 
rainy season. When the sun is in the zenith of a country, it causes 
a rapid evaporation of its waters, and continually heats and rarefies 
its atmosphere, whose equilibrium being thus subverted, the cold air 
of neighboring countries, attracted, rushes in and condenses the var 
pors suspended in the atmosphere, and thus occasions very heavy rains. 

Those countries of the torrid zone where no vapors rise into the 
air, are never visited by the rainy season. It appears that local eir- 
cnmstanceS) particuLirly high chains of mountains, which either arrest 
or alter the course of the winds, exercise such influence over the 
physical seasons of the torrid zone, that frequently an interval of not 
more than several leagues separates summer from vrinter. In other 
places there are two rainy, and two dry seasons, which are distin- 
guished by the names of great, and little. These are situated very 
near the equator, and correspond to the times when the sun is at the 
solstices, and in the equinoxes. 

The heat is almost the same throughout the year, within 10 or 15 
degrees of the equinoctial hne ; but, towards the tropics, we feel a 
difference between the temperature that prevails when the sun is at 
the zenith, and that which is felt when he is in the opposite solstice, 
the solar rays then falling under an angle of more than 47 degrees. 
We may, therefore, divide the torrid zone into three other zones, viz., 
tike egmaioHalf whkdi ia temp«r«iW,\>y com^^Krw^i w& ^i^iMssnd^ 
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or fwrth iropical lone, which is composed of the hottest, and least 
halntable regions of the earth. The greatest natural heat ever ob- 
served has been in this zone. The south tropical zone contains little 
land) but the heat is in some places intense. 

The circumstances which moderate the heat of the torrid zone, are, 
the strong evaporation ; the vast expanse of the sea ; the proximity of 
very high mountains, covered with perpetual snow ; the long nights ; 
the trade-winds, and the periodical inundations of the large nvers. 
This IB the reason why, in the torrid zone, we meet with all kinds of 
climates. The plains are sometimes burnt up, while the elevated 
districts are even cold. Thus the Valley of Quito is always green ; 
and the interior of Africa contains regions which nature has gifted 
with the same privilege. 

Nothing equals the majestic beauty of the summer in the torrid 
zone. The sun rises vertically ; it rapidly traverses the burning 
clouds of the east^ and fills the heavens with a light, whose effulgent 
splendor is often unobscured by a single shade. " The moon shines 
here with a more brilliant lustre ; Venus blazes with purer and more 
vivid rays ; and the milky-way glitters with increased brightness. 
To this magnificence of the heavens, we muist add the general seren- 
ity of the air, the smoothness of the waves, the luxuriance of vegeta- 
tKm, the gigantic forms of plants and animals ; — all nature is more 
grand, more animated, and less liable to change." 



§ XrV. CUMATBS OP THE TeMPERATB ZoNBS. 

The temperate zones are indemnified for the absence of tropical 
advantages, by the mild and varied charms of spring and autunm, 
by the moderate heat of summer, and by the salutary rigors of win- 
ter ; although their climates are more boisterous and variable than 
that of any other. This succession of four seasons is not known be- 
yond the tropics, nor towards the Poles. Even that part of the 
north temperate zone which lies between the tropic and the 35th de- 
gree of latitude, in many places resembles the torrid zone. Until we 
come towards the 40th degree, the frost in the plains is generally not 
intense, nor of long duration ; and lasting snows are unusual. But 
elevated countries feel all the rigor of winter; and even in the 
plains, the trees are bare for several months. The temperature of a 
particular place, however, depends so much on other circumstances, 
that the mere degree of latitude is no criterion. Thus, at Bergen, 
in Norway, in lat. 60° 24', the winters are rainy, rather than snowy, 
and there is little severe frost, while at Vienna, in lat. 48^ 12', heafjr 
snows, and severe fix>sts, are not unusual. 

It is from the 40th to the 50th degree that the successiou q{ thd 
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four fieasoDs is most regular, and most perceptible; although the 
transitions are still so gradual as not to endanger the health of man. 
The climate of the temperate zones seems best adapted to the full 
development of all the human faculties ; and it is there alone we find 
the highest degree of inventive skill, united with physical vigor and 
strong, enduring afi^tions. In the north temperate zone has hitherto 
appeared most of those characters who have contributed to the gen- 
mi. welfare of mankind : and there is no reason to suppose, that a 
tide of knowledge and civilization will ever originate from anf other 
quarter in future. 



§ XV. — Climates op the Frigid Zones, 

Beyond the 60th degree, and as &r as the 78th, which appears to 
be the hmit of the ha&table globe, only two seasons are generally 
known. A long and rigorous winter, succeeded often by sudden and 
insupportable heats, 'fte power of the solar beams, though feeble, 
from the obliquity of their direction, accumulates, during the ex- 
tremely long days, and produces effects which might be expected 
only in the torrid zone. There have been examples of the pitch 
having been melted on the sides of ships. In winter, on the con- 
trary, brandy has been frozen in heated rooms, a crust of ice has 
covered the bed-clothes ; the earth has been found frozen to the 
depth of 100 feet ; and the external air exhibited a temperature of 
90 below zero, on Fahrenheit's thermometer. In some places, how- 
ever, a southern exposure, and the neighborhood of the ocean, soften 
the cUmate to a very great degree. 

The frigid zone enjoys an atmospheric calm, which is unknown in 
temperate regions. It has few storms, and scarcely any tempests. 
ITie splendors of the aurora borealis reflected by the snow, dispel the 
darkness of the polar nights ; the days, for several months, though 
of a monotonous magnificence, astonishingly accelerate the growth 
of vegetation. In three days, or rather three times 24 hours, the 
snow is sometimes melted, and the flowers bloom. 

It is frequently supposed, that the southern regions have a colder 
temperature than the corresponding parts of the northern hemi- 
sphere. But of this no satisfactory proof has hitherto been adduced. 
The winters at Quebec seem to surpass, in severity, anything ever 
experienced in the corresponding latitude of the southern hemi- 
sphere ; and the real fact seems to be, that, owing to the greater preva- 
lence of water in the southern regions, there is less difierence between 
summer and winter.* It is certain, that no satisfactory reason has 

* Compare the temperatures of Quebec, Gk)ttiDg^ and the Falkland !»• 
Mads, givea in § X VIIL 
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ever been assigned for the antarctic regions Having a colder average 
temperature than the arctic regions. Navigators from the north of 
Europe, seeing the season so cold round Cape Horn, at midsummer, 
and comparing it with that of the corresponaing latitude in the north- 
western parts of Europe, would be very apt to think the southern 
re^ons colder. But if they had compared the winter of Cape Horn 
with that round Hudson's Bay, in the corresponding latitude, they 
ini<^lit come to a different conclusion. 



§ XVI. — ^General Temperature of the Globe Ukohanobabls. 

If the earth's axis were perpendicular to the plane of the ecliptic, 
there would be no inequality between the days of winter and sum- 
mer, and no change of seasons, as &r as that depends upon celestial 
causes. The equator would be still more constantly heated than it is 
at present, and we should perceive the heat dinunish on each side of 
it, in a very rapid progression. Each climate would have an invari- 
able temperature, which would bo that of its present spring and 
autumn, but very probably somewhat lower. The earth would then 
be scarcely habitable beyond the 45th or 50th degree of latitude. 
Here, then, would be that eternal spring, of which the poets wish us 
to deplore the want As the obhquity of the ecliptic has been slowly 
cUminishing for ages, it was formerly thought, that the ecUptic and 
the equator actually tend to coincide, — in which case the preceding 
supposition would be realized. But La Place has shown, that this 
diminution arises from the mutual attraction of all the planets, which 
produces only a temporary inequality, confined within determinate 
bounds. In short, the axis of the earth describes an ellipse ; and after 
a long series of years, it vnll again point to the same spot in the 
heavens, and also form the same angle with the plane of the ecHptic 
The range of its variations is so small, that it can produce no sensi- 
ble eflfect on the seasons. The earth is probably radiating less and 
less heat into space, as it cools. But this cause is so insignificant, 
that it cannot have influenced the average annual temperature of the 
globe one fourth of a degree for many thousands of years. It has 
often been asserted, that Qie temperature of the globe is higher now 
than it was before the Christian era ; and many facts are adduced in 
support of this opinion. But geology leads us to conclude, that, 
if there be any perceptible difference, it must rather be colder ; and 
the facts alleged are of that isolated kind, of which about an equal 
nimiber has been arrayed in support of the contrary opinion. We 
have already seen how little effect the labors of man have on tem- 
perature, even over the limited areas where they have any effect at 
all ; and there is no other agency short of a mirade, to interfere with 

10 
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the uniformity of the earth^s temperature for an indefinitely 
period to oome. We may, therefore, infer, that the climates of 
globe are now predsely what they have been since man first 
peared on earth, and. will probably continue so until his term has 
pired. With respect to the heat received fi*om the sun, we k 
that much of it racUates even by day ; and the r^Ou escapes by ni 

§ XVn. — ^Climate Lines. 

To render the variations of climate perceptible to the eye, 1 
are drawn through all those places having the same temperal 
Of these lines there are three classes. 1st. Lines drawn thro 
places having the same mean annual temperature, are termed 
thermal lines, that is, lines of equal heat. 2d. Those passing tlux) 
all the points having the mean temperature of summer equal, 
called isotheral — Klines of equal summer. 3d. Those joining all 
points which have the mean temperature of winter equal, are ca 
uoehimeral or isochimal — alines of equal winter. If climates co< 
unilbrmly from the equator, all these lines would be parallel : 
owing to causes already explained, they do not approach to p£ 
lelism, except near the equator. In the north temperate zone 
isothermal lines are fieurther north on the western side of the 
continents, and decline rapidly towards the south as we move c 
ward. Thus, the isothermal mie of 41° passes on the western c 
of North America through the Sitka Isles, in lat. 58^. Then( 
curves south-east, and passes by the Bay of Fundy, in lat 45°. 
then stretches north-east till it reaches the latitude of 63^, dire 
north of the Shetland Isles, whence it again curves south-east 
passes through Mandshuria, in lat. 45°. The other lines dev 
from each other still more widely : thus, the isochimal line of 
passes through New Archangel, in lat 57°, and Pekin in lat 39 
and that of 24° passes through Eastport, in lat 44|-°, and Ni 
Cape, in lat 71°. 

§ XVni. — Tables of Temperatures. 

L TEMPERATURE OF THE OCEAN". 

N. Lat In Atlantic In Padfle. 

0° 80i^ ...... 81+° 

10° 78° 81i° 

20° 74° 75° 

80° 7li° 71° 

40° 62' 60** 

50° 64° 47° 

60^ 44V .-.•.. 89i® 
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n. TBOIFERATinCB OF THE WESTERN SIDE OF THE OLD, 
AHD OF THE EASTERN SIDE OF THE NEW CONTINENT. 



.1 



i 



JK,UiL 

0° 
20° 
80° 
40° 
50° 
60° 
70° 



Contineot 



Western CoDtinenL 



81° 60' 81° 60' 

77° 9' 77° 9' 

70° 7' 67° 1' 

63° 6' 64° 6' 

60° 9' 38° 3' 



41« 
88° 



25' 



m ALTITXTDB OF THE SNOW-LINE,* IN VARIOUS REGIONa 



r 



t*ec 
k 



tF. 



St 



Lift. 

0° 

18° N. 
82° S. 
81° K 

42f ^ N. 
46i° N. 
60° N. 

64° S. 
60° K 

71° N. 



Coimtriee. 

Sooth America, (Andes) . 
Mexico, (Andes) • . • 
Chili, fAndes) .... 
India, (Himnialays N. side) 
** ( " S.side) 

Spain, (Pyrenees) 
Switzerland, (Alps) . 
Tartary, (Altai) . . 
Patagonia, (Andes) . 
Norway, (Dofires) 
** (Mageroe) . 



Feet. 

16,795 

14,772 

12,780 

16,620 

12,981 

8,900 

8,800 

7,000 

3,390 

6,100 

2,160 



TV. MEAN TEMPERATURE OF THE TEAR, AND OF SUMMER 

AND WINTER. 



Melville Island, 
North Cape, . 
Petersburg, • . 
Quebec, . . < 
Falkland Islands, 
Gk>ttingen, . . 



Lrt. 

74f° 
71 
60 
46i 

6H 
61i 



Year. 

— 2°t 
82 

88.84 
41.74 
46.94 
46.94 



0«aiiier. 
33.78° 
43.34 
62.06 
68.00 
63.06 
64.7 6 



Winter. 

— 31.33°t 
23.72 

17.06 

14.18 

39.56 

30.38 



* Hie 9now4me is the lowest at which mocmtauM exposed to the direct 
rays of the sun oantmue corered with snow throuffhout the year. This table 
gives the acktal, and not the theOTetical height of 5ie enow-line ; for the latter 
18 affected by the amount of snow that falls, the direction of winds, the vicinity 
or distance of the ocean, Ac. In tropical regions, the snow-line is generally 
below the region of perpetufd frost, owing to the immense quantity of snow 
that fells, and the absence of long days. In temperate and arctic regions, the 
line is generally above that of perpetual congelation, owing to the long sum- 
mer days, and the smaller quantity of snow. 

^ The agn —^ mdhateB eo idmdj degrees below sero. 
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Plao8. 


Lit 


Year. 




Winter. 


Sdmburgh, . 


. 66° 


47.84° 


68.28° 


88.66'' 


DubKn, • . . 


. 63i 


49.10 


69.54 


89.20 


(Jeneva, . . 


. 46i 


49.28 


64.94 


34.70 


Vienna, . . 


. 48i 


50.54 


69.26 


32.72 


Albany, . . 


. 424 


48.46 


67.44 


29.67 


Cambridge, (Mass.) 42^ 


50.36 


70.70 


33.98 


Paris, . • . 


. m 


51.08 


64.54 


38.66 


London, • . 


. 61i 


50.36 


63.14 


39.56 


Philadelphia, . 


. 40 


53.42 


73.94 


32.18 


New York, 


. 40f 


53.78 


79.16 


29.84 


Cincinnati, 


. 39A 


63.'78 


72.86 


32.90 


Washingtoni • 


. 38f 


67.20 


76.66 


88.00 


Pekin, • • • 


. 39f 


64.86 


82.68 


26.42 


Rome, • • • 


. 41f 


60.44 


75.20 


46.86 


Algiers, • . 


. 36t 


69.98 


80.24 


61.62 


Cairo, • • . 


. 30 


72.32 


86.10 


68.46 


Vera Cma^ 


. 19+ 


77.72 


81.50 


71.96 


Havana, « . 


. 23+ 


78.08 


83.30 


71.24 


Cumaoa, • • 


. lOi 


81.86 


82.04 


80.24* 






PART IV. 







VOLCANOES AND EARTHQUAKES. 



§ L — Description of an Eruption. 

The name volcano (from Vulcantcs, the Roman god of fire) now 
deeignates those mountains which vomit forth flames, smoke, and 
torrents of fluid matter. The chimney through which the smoke 
and streams of melted matter issue generally terminates in a vast 
cavity, in the form of a truncated and inverted cone, termed the 
crater. 

The eruption of a volcano is a most terrible and majestic phe- 
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nomeoon. The sigiift which preoede the ezplooksi axe vudent move- 
m^tB which shake the earth afiur, proloi^ed bellowinga, Bubterra- 
neaa thunder, which roll in the sides of the agitated mountain. 
Very soon the smoke, which, is almost continually emitted from the 
mouth of the volcano, increases, thickens, and ascends, under the 
form of a black column. The summit of this column yielding to 
its own weight, sinks down, becomes rounded, and presents itself 
under the appearance of the head of a pine tree, having the lower 
part for its trunk. This hideous tree does not long remain im- 
movable ; the winds agitate ita blackened mass, and disperse it in 
branches, which form so many trains of douds. At other times the 
8oene opens with more brilliancy. A stream of flame rises beyond 
a collection of douds, keeps immovable for some time, and then 
appears like • a pillar of fire which rests upon the groimd, and 
threatens to set the sky in a blaze. A black smoke surrounds 
it, and from tinie to time intercepts the dazzling brightness. light- 
meg appears to flash from the midst of the burning mass. On a 
Budden the brilliant cascade of fire seems to fiill back into the 
crater, and its fearful splendor is succeeded by profound darkness. 
The eflervescence, however, goes on in the interior abysses of the 
mountain. Ashes, dross, and burning stones are projected in di- 
verging lines, like the spouts of fireworks, and tall around the 
mouth of the volcano, l&ormous fragments of rocks appear to be 
heaved against the sides ; a torrent of water is often thrown out 
with impetuosity, and rolls, hissing, over the inflamed rocks. There 
is then raised from the bottom of the crater a liquid and burning 
matter similar to that of metal in fusion. This fills the whole of 
the crater, and reaches to the edges of the opening. An abundant 
quantity of dross floats on its surface, which ultimately appears and 
vanishes, as the liquid mass rises or falls in the crater where it seems 
to boiL 

The substances which are thrown up from the depths of the cra- 
ter by the lava, are, smoke, ashes, sands, scoriae, volcanic bombs, and 
unaltered masses. The enormous columns of smoke which are seen 
issuing from the volcano, are chiefly composed of aqueous vapor. 
This vapor is generally charged with gaseous substances, and partic- 
ularly with hydrogen gas, and sometmies with carbonic add. Sul- 
phurous acid, and hydrochloric add, are also given out The smoke 
18 gray or white, sometimes brownish black or fuliginous ; and the 
smell accompanying it then, is like that of asphaltum or mineral 
pitch. It often contains a quantity of volcanic ashes. The ashes, 
which appear to be nothing but the substance of the lava reduced to 
minute mechanical division, are formed of flocculent and extremely 
minute partides of a grayish or gray color, and forming a paste when 
mixed with water, lliey are always mixed with a greater or less 
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qnantit^ of sand, which gives them the blackish color they exhibit 
The torrents oi gas and vapcnr which issue from the crater, cany these 
ashes with them into the atmosphere, where they form vast clouds, 
sometimes so thick as to cover uie surrounding country with dark- 
ness. Sometimes the ashes are carried 1,200 miles, and form, wh^!e 
they Ml in any quantity, earthy beds of great thickness, and on beii^ 
heaped up and penetr^;ed with water, they form some kind of vof 
oamc tu&. 

Volcanic sands are small particles of lava that have been ejected 
into the air in the form of drops, and there harden. They are frag- 
ments of scorise, which are mingled with numerous small crystals or 
fira^ents of aug^te and felspar. The quantity of these sands ejected 
is immense, and sometimes constitute the greater part of volcanic 
ejections. The smallest mingle with the ashes, and form part of the 
douds already mentioned. 

The gases which come from the depths of the volcano, passing 
through the mass of melted lava with great force and velocity, cany 
off some portion of that viscid matter, and bear them along into tli^ 
atmosphere. In cooling, they assume the intumesced and sla^ 
appearance which the scorise of forges often present. 

When the matter constituting lava is projected in a soft state, as 
18 common, it sometimes, on cooling in the air, assumes the form of 
drops, tears, or elongated spheroids, which receive the name of vol- 
canic bombs. These abound in the extinct volcanoes of Auvergne. 

Volcanoes sometimes eject stones, many of which bear no marks 
<^ common fusion. These are considered as fr'agments of rocb 
which have been torn off and projected by some current of elastic 
fluids, although others think they are fragments of rocks which have 
been formed by igneous solution and crystallization. Monte Somma 
contains many specimens of such ; and there they are of granular 
limestone, containing mica and other minerals. 

The greatest velocity of ejected matter, in the cases of Mount 
Vesuvius and £tna, has been found to be equal to that of a cannon 
ball when it leaves the mouth of the gun, viz. : from four to five 
hundred yards per second. Cotopaxi once projected a piece of rock 
one hundred and nine cubic yards in magnitude, to the distance of 
nine miles, and it has repeatedly projected matter six thousand feet 
above its summit 

Lava overflows, runs down the sides of the volcano, and descends 
to its base. There it sometimes stops, and appears like a fiery ser- 
pent recoiling upon itself. More frequently, it dilates itself, and 
gushes out from behind, or beneath a species of solid crusty which is 
formed upon its siu-faoe, advances like a large and impetuous river, 
destroys whatev^ it meets with in its course, flows over those obsta- 
des whatsh h cannot overturn, passes along the ramparts of shaken 
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atieBy invades a epaoe of country of several leagues in extent, and 
transforms flouriiming fields into a burning flame. Equal ravages 
may be sustained, though the lava does not issue exactly from the 
top of the cone. It is sometimes too compact and too weighty to 
be elevated to the summit ; its violent efforts then occasion new 
raptures in the side of the mountain, through which the igneous 
torrent rushes out. 



§ IL — Geographical Distribution of Volcanoes. 

» 

A great chain of volcanic mountains stretches around the Pacific 
Ocean. Terra del Fu^o, Chili, Peru, and the whole chain of the 
Andes, are full of volcanoes. We distinguish in Peru, those of Are- 
qmpa, Pichincha, and Cotopaxi, whose flames in 1738 rose higher 
than 2,000 feet, and whose explosion was heard at the distance of 
860 miles. Chimborasso, one of the highest of mountains is an 
extinguished volcano. Humboldt has seen the smoke of Antisana 
rise 18,000 feet 

If we pass the Isthmus of Panama, we find the volcanoes of 
Nicaragua and Goatimala. Their number is countless, and there are 
Bome which are covered with perpetual snow. 

Then come those of Mexico, viz. : Orizaba, Popocatepetl, JoruUo^ — 
idiich first appeared in 1759 — ^and several others, all situated under 
the 19th parallel of latitude. 

Califorma contains five volcanoes that are still active. There is a 
iramber of very considerable volcanoes on the north-west of America, 
cf which Mount St. Ellas is the best known. These volcanoes form 
tiie intermediate link between those of Mexico, and those in the 
Aleutian Islands, and the Peninsula of Alaska. 

These last, which are very numerous, both extinct and active, 
serve to continue the chain towards E^amschatka, where there are 
three of great violence. Japan has eight ; and the Island of For- 
mosa has several. The volcanic belt now becomes immensely wide, 
and embraces the PhiHpj^ne Islands, the Ladrones, the Moluccas, 
Java, Sumatra, Queen Charlotte Isles, the New Hebrides, and in 
short, most of the Isles of Oceanica. 

The eruption ci the volcano on Sumbawa, one of the Moluccas, 
ni 1815, is one of the most remarkaUe of modem times. The ex- 
pkmotis were heard in Sumatra, at a distance of more than 1,000 
miles ; and the floating cinders beyond that island were at one time 
two feet thick. Of the 12,000 inhabitants of the island, only 26 
nirvived. 

The other volcanic chains are &r from being of so great extent 
The islands of Bt Paul and Amsterdam, the {onxKu3i2&>\^ ^Oi^sdSiCk Vdl 



ijh: Isknf :£ Z^jinxr. xEid libe job of hot vtfber in the Ldsnd of 
l£^:.ic^3?. a^ lii*- TrmoittL kii:*ira Hmiis of diis chun. 

Tii-~ Ar:k:i:£i Scsfc 5:'V^ ^^ iLr bftse of the Tolcano of Gebel Tv. 
Tzj-. Zi'.^L'.K^riiMtL X iL* Ivjii Stau and the whole dudn of moan- 
\i^.-^z -B iji-i rii:iis' tLt.-^u^ Sttjl hire been the theatre of rdcank 
<r. : ->•.•::&. Ar:>=zii. lin- CA^}.daz. are the Tolcanoes of DemaTend and 
Zl: ..'■- "ffhj.l .•.c_iie»:-: iLr A^&tic cLsin with that of Southern 



A vsts.: T;.jri.zj^ sr.ir? s=rr:»TrD'3s Greece. Italy, Gennanj, and 
Frui..^. Tire s:i=:nh :z M:«:id; Etca has burnt ix 3,300 yean, and 
k f^T.-^ziit-i : 7 cxriL^riiscir-i voicazwes whkh appear nmch move 



:;:i^ -A lip&rl soezn lo owe iheir ofi^ to the rokanoes 



wLi.h :Ltt c*:c:.vr . Ibe v...lcaa'> of Stromboli, one of this grona 
hai^ '>rt!zi iiicessv.i-j acsire iyr mora than 2,000 years, and is jmtij 
t#;nn-ri " iL-ir z?^^ lijh:-h:4ise of the Meditemmean.'^ Vesavins hai 
YifA al V3y« bf^rn :Le v-i^y l-uning mountain of the kingdom of Naples. 
AL.->:L?r siLll iar^cr. ba; cxtininished. has been disoovered near 
E#>'.r.t& Fr.A, M>u:;i S'l'^fucrrs belong to the same class. 

The caiac>>mb& c^ R-^me are excavations in lava-rock. Tnscanj 
aboun*ls in hot and sulphuKous springs, and other indications cf 
ToIv.-aLocs. A great noinber of extinct volcanoes have beoi discov- 
ert ufrar Padua. Verona, and Mcenza. Dalmatia has seveiaL It 
wa£ long suspect^ that a district of Hnngary nourished aubterrane- 
OU) Hfffi in its depths, and the eruption of a volcano has conobonted 
th<: suspicion. 

G'rnnany contains a great number of extinct volcanoes, the best 
known of which are those of Eamberg, in Bohemia, Transberg, 
near G'^ttingen, and those of Bonn, and Andemach, on the borders 
of the liliine. The south of France is fiill of extinct volcanoes, 
among which are Mount Cantal, the Puy de Dome, and Mount D^Qr, 
in Auvergne, which are the most conspicuous. 



§ III. — ^Volcanoes op the Atlahtic Oceav. 

'Jli^j Wr^Uirn Ocean is not, like the Pacific, endrcled with a ohain 
of voUraiiic mountains, but it contains in its bosom several groups of 
inoiuiUiins whicii belong to that class. Although UtiQ prindpality of 
W.'ilcH, tlio Island of Staffa, and some parts of Ireland and Scotland 
<'.\liihit only proofs of the existence of extinct volcanoes, yet the 
friM|ii(*]it (xxnirroiK^ of earthquakes in these regions indicates the 
iiri'H^'MiMi of Hubt<Trancous fires ; and Iceland presents to our view 
■ i'w.i<i|^ Kotlouguia, and several other volcanoes, which rise up from 
ist of perpetual snow. 
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ThsB volcaiiic fbcuB is one of the most actiye on the ^obe, for the 
Toy bottom of the ocean is, in these regions, agitated ; and the 
wives often heave up whole fields of pumice stone, or give birth to 
lew islands of permanent character. 

Several circumstances lead us to believe that there are some vol- 
cmoes in the interior of Greenland. That frozen country sometimes 
eaiperiences the shock of earthquakes ; and a new island sometimes 
appears, evidently proceeding from submarine volcanic action. 

The middle of the Atlantic Ocean conceals another volcanic focus, 
of which the Azores and Canary Islands have felt the effects. The 
Beak of Tenerif^ is one of a whole system of volcanoes, parts of 
which are recognized in Jamaica, Guadaloupe, and Grenada. 

The preceding volcanoes all belong to groups. But some volca- 
noes are detached, or at least bel(»g to groups little known. Such 
ai6 the extinct volcanoes of Daourie, discovered by Patrin ; that which 
11 seen in Fu^o, one of the Cape de Yerd Islands, and the remark- 
able volcano of Kilauea, in the Sandwich Islands. 

§ IV. — Origin of Yoloakoeb. 

It fi^ows from the preceding genei'al survey of volcanoes, that the 
moBt numerous are those found m the neighborhood of the sea, and 
in islands. Nevertheless, there are many which do not appear to 
hive any communication with the sea. Another general fact is, that 
khe craters of volcanoes burst forth in all kinds of rocks — granitic 
md slabr, primary and secondary rocks. 

Ronelle, Desmarets, and others, attributed the origin of volcanic 
Ire to the inflammation of bitumen, pit coal, fossil wood, and turi^ or 
peat But this explanation is untenable, and has been imiversally 
ibandoned. An explanation more generally received was proposed 
by Lemery and Davy, who ascribed the volcanic phenomena to a 
spontaneous inflammation of metalloids from the action of water, 
irhose oxygen was supposed to unite with them, and produce the 
[leat and explosions. Lemery rendered this hypothesis plausible by 
I striking experiment He formed a mixture of 50 lbs. of iron 
ilings and sulphur, which, after moistening, he buried in the ground, 
it a certain depth ; the mixture became gradually heated, and at 
!B8t took fire with a great explosion. Davy performed a similar ex- 
)eriziient But he afterwards abandoned this hypothesis, although 
t is still maintained by Dr. Daubeny. 

Fragments of granite, which volcanoes often project in great quan- 
ities, indicate that the lava comes from a very great depth : the long 
leriod of activity of certain volcanoes — ^the imj^ibility that the 
leighboiriD^ esaith conld furnish such oop\o\)& e)^Q»m "viV^l^tfSQ^Xi^ 

10* 



2M umtMOBOhQQr. 

coming oxcavated, and sinking down* — ^tihe inooneeivable Ibice with 
which heavy masses ci matter are projected to immense heights — 
and, besides the astonishing force, and the sudden explosion, the 
peculiar nature of volcanic &ion, which rarely produces vitrification, 
and which appears oftener to digest and concoct than to bum ; these 
are circumstances which have led persons well versed in such obser- 
vations to think that the reservoirs of volcanoes exist at a very great 
depth, and that their activity is owing to elastic gases enclosed within 
the bosom of the globe. 

The solid matter thrown out by volcanoes consists mostly of silica 
and alumina, whose bases (siHoon and aluminum^ never unite with 
oxygen at common temperatures, or even at very nigh temperatures, 
except in small quantities. Another great objection to the metalloid 
theory is, that the gas thrown out is mostly steam, or aqueous vapor, 
and not hydrogen, the other element of water besides oxygen, which 
is expelled in comparatively very small quantities, and whose expan^ 
sive force is indeed inadequate to produce the phenomena. These 
objections have led most geologists to reject this theory. The opin- 
ion now generally held regarding earthquakes and volcanoes, is that 
which we have already stated in Division 3d, Part 1st, Sect 8. 
Almost every geologist now allows that earthquakes and volcanoes 
have a common origin. Steam is an agent capable of producing 
them, and we know of no other. This hypothesis is contradicted by 
no fact, a remark which vrill apply to no other. 



§ V. — ^Earthquakes. 

These convulsive movements shake the surface of the earth, either 
in a horizontal direction, with undulations similar to those of the sea, 
or vertically, when a part of the ground is raised up and the other part 
sinks down as into a gulf^ or circularly, when ponderous masses oi 
rocks and earth revolve as it were on a pivot. These are the three 
kinds of motion distinguished by the Italian writers, who are well 
acquainted with the phenomena. Earthquakes generally precede 
volcanic eruptions, and cease when the lava has got vent. 

Earthquakes produce the most calamitous effects. They often 
change the sur&ce of a country, in such a manner that it is impossi- 
ble to recognize it. Enormous fissures or gaps emit bluish flames 
and deadly vapors. In the course of ages, they form new valleys. 

* In the eruption of 1660, Etna erupted an amount of lava twen^ tknes 

greater than the whole mountain ; and in 1788, Skaptar Tokul in Iceland 

poured out two streams of lava, one 60 miles long and 12 iH-oad, and the 

other 40 miles long and 7 broad, with an average depth of 100 iiBet^ in •oino 

/K2sew jBDcreased to IKX) or eOO fiMt 
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n other places moimtaiDs are swallowed up or overUirowD, and often 
letached from one anothw so as to glide along npon the lower 
pxmnd ; and as the force with which they arc impelled redoubles 
fvesry moment, these ambulatory rocks bound over hills and valleys. 
lere the vineyard descends from its height, and settles in the midst 
)f a field of com ; there, &rms, with their gardens, being lifted with- 
Mit separating, become attached to distant villages. In one quarter, 
new kkes are formed in the midst of land ; in another, rocks, hitherto 
invisible, suddenly rear their wet summits from the bosom of the 
haming sea. Springs are stopped ; rivers disappear and lose them- 
selves imder ground ; others, choked up by fragments of rocks, spread 
out into vast marshes ; new springs gush out from the shattered sides 
of the mountain ; incipient rivers strive to hollow out a channel for 
ihemselveB, amidst the ruins of towns, palaces, and temples. 



§ YL — ^Pbesaoeb and Dibection ov Earthquakes. 

What renders earthquakes more dreadful is, that there are no signs 
which unequivocally designate either their approach or their termina- 
taoQ. They lumpen at fdl seasons, and under every constitution of 
the atmoei^ere. A subterraneous noise is, indeed, &eir forerunner ; 
but it is scarcely heard before the earth gives way. Animals, and 
particularly horses, dogs, and fowls, show, by their terror, a presenti- 
ment of its coming ; and the barometer &II9 extremelv low. Earth- 
quakes act with astomshing rapidity. It was one single shock which, 
in the year 1783, overthrew Calabria, and destroyed Messina, in two 
minntes or less tune. But these agitations are repeated for the space 
of months and s(»netimes for years, as in 1755. 

The direction of earthquakes is one of the most remarkable &cts 
in Physical Geography. Sometimes there is a central point, where 
the shocks are most violent, and this centre sometimes changes its 
place, as if the subterranean force rebounded from one point to 
another ; sometimes we can distinguish a certain line along which 
this force seems to move. The sphere of such a revolution seems 
often to embrace a fourth part of the globe. The earthquake which 
earned such devastations at Lisbon, was felt in Greenland, in Norway, 
ID Africa, and in the East Indies. The earthquake of 1601 shook 
an Europe and a part of Asia. In 1805, the shock was felt almost 
nmultaiieously, at Algiers, in Greece, at Constantinople, Bucharest, 
Kiev, and Moscow. But these distant motions are owing to a force 
applied at the focus of action. 
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_'*' . 'tr' r zi*-. r«-«:«t motac* csoeti: ^cmn these ternMe eflfeod 
TiiT .--;> •.- tiiuizL ii. imrt af 7«i«xn "r:,jan:ic afft-^cv, and yet they 
ii": r.-.i r.::ui,-'.L :7 -jfur-ii.Tatta* T^ si". ver urine ai KonigsK^rjf, 
n _•' ."^v t" T ur "iiTs: .^.t-jhr^i "u ▼>?¥■ ;*]r b sb>.*k in 1603. The frigid 
i.'"--. ui>.. h- -r'^-r? «5i.:»»-r^ 1. •ariiicix^t& ^irTeenland fwls freqnent 
fctii.t.L-. i-ii. .1 1 *:•■'- lj%:'UftZii -EXTHTifliii^^E Ti:.leiDT oommotioiis. TTw 
i.i^"^'-- i.;".iL:r^ -c vinij :iubks 'oa^ms^ysi tie world, is about 20 
*- '.-r' Ttttr . Liii iir: imLits af ▼•■jjesiaf STn^taro* is alont the sane. 

.-o^ .•:' ■->: rijK rt^rair^'tt*- xrrciftiTiiis? oc ftarLhqnakes, is that of 
"JLr. ■» .'f.:^.!. ^^.'ZZtL X •'irxLj.i. i. lil^Xi. mrids u«;ik place in 1759. 
F r *Ji-T -j-.isi.^r .c ''.s.-' A j.q-BE* i^j|«rae. sanHS were ohsenred iasiriiig 
fr.;.-. '....T }-^-^ - ^xjn-:^'^ af r»miic rxis vere thrown up toil^~ 
^^.•i-j"-.-^ i-:-j^" : ki'i "ir^^zi * Tl>:i cJor-i c»f cinders, streaked ""^ 
».:;. ■ .j.-kLj. f-'vsw'iiiT *?*ct:5j&crs i£»:»niit tier saw the softened crust 
«>: :! > ■:'-.-i- ••ir-L.i^ -% Ir ibe ni-i-t c-f the T-pLeaved earth, the 
L^j.-s^': i^iT. A wL>:l 2^ Ij^Af »eZ TL. LeiiAt. several thonsand Httie 
V .!. .-;.Li. -.-.^Lfs* &2^. 5r:L iiL:^ sjnh ib«r gxK'ike, and occ^siomng a snh- 
tier7;k:.rt\»i-> ir^^. Ar-^ -a^g iliese szsali Toksnoe^ six crreat ones lear 
xLi::: L^a^ih *jj ih> L^i/iii ':«f aloci 1^00 feet alore the level of the 1*^ 
j/Iii:.'.. ' 1^ 

\\'<: af<: iLform-id f/ a volcfln-^ of o^nsi-leraKle elevation, in the y 
Llai.'l of TiETivr. callrd the Pic which sank entirely down in 1688, \!1 
V:A\\u'ji in it/» place nothing but a muddy marsh. And in 1772, the p 
Paj^ari'iiivaij;/, a large volcano in Java, after a short, but severe erup- jj^ 
lioji, frrll iji, over an extent of 15 miles long, and 6 broad, burying I7! 
40 ■.illji{^<^,aijd nearly 3,000' inhalHtants. In such cases, the ground \ 
prolyaMy ;rave way from being deprived of its support, by the cjec- '"^ 
tiofi of tii<i lava. 

'i Ii'^ islands thrown up by earthquakes, in the midst of the sea, 
jiro\ e tho *;xLsttn<y3 of submarine volcanoes. InstaiK?es of this kind 
iinj fiy 110 means rare, Deloa, Rhodes, and the Cydadcs belong to 
tliirt cL'iHH. Is^ila Xuova, (New Island,) near Santorini, one of the 
Cyijl;wl(rH, was thrown up, as late as 1707. Another island rose 
HinoM^ l)i(! Ah'utian Isles, in 1796, which is 350 feet high. Another 
n>H(i tli^r<5 in 1 806, which is more than four miles in circumference. 
Atiil ill tho saino group, in 1814, there rose a peak 3,000 feet high, 
wlii< li iliHup]K}aro<l afUjr a year. A new island appeared in the Med- 
it< Train •Jill, utiiir Siialy, in 1831, which rose to the height of 220 feet, 
mid (liH.'ipiM'arcd, u(l(ir exhibiting volcanic phenomena for some time. 

* (Mill iff iMiri luivu diMtioveredf howovcr, that the Alps were upheaved at a 
euiitpitrtt(iv<«ly roccnt period, though before the time of historical records. 



In several cases of this sort, there is no appearance of any eruption ; 
and the sur&oe consists of the former bottom of the sea* 



§ VUL— MuDDT Eruptionb. 

Nearly alHed to volcanic eruptions are those of mud, a phenomenoii| 
which, from time to time, takes jdace in volcanoes ; but which some- 
times occurs independentlj of them, although attributable to the 
same cause. Maccaluba, in Sicily, is the most terrible and celebrated 
of these terrivomotis mountains, if we may so call them. In its or- 
dinary state, mud, half fluid, is observed to boil up in the craters, or 
fimnels, which terminate eadi of the small protuberances raised up 
on this mountain, or rather clayey hill. The mud rises in hemit- 
roheres, and fidls down, after having emitted a bubble of air ; but 
there are times when, aifter a great rain, all these craters disappear, 
tiie whole mass of the mountain ferments ; subterranean thunders 
are heard, and a quantity of mud and stones spouts £)rth, to the 
height of 200 feet 

Not hx from Boulogne, several quagmires, called the miUseSj situated 
on rising grounds, composed of sidine and alkaline earths, exhilHt, on 
a small scale, siniilar phenomena, emitting continually smoke and 
flames. The town and port o( Tamar, in me Crimea, upon the b(»^ 
der of the Black Sea, contains several hiUs, whence issue muddy 
eruptions. One <^ them has been seen to dart forth flames. In the 
Ormiea also, and opposite the town of Temrak, an island was raised 
in the middle of the sea, in 1799, which, after having cast forth mud, 
flames, and smoke, disappeared under the waves. Upon a tongue 
of land, opposite Tamar, there was a hill, called in Tartar, Eenk- 
Obo, whicn, in 1794, experienced a terrible explosion. A column, 
of a pale red fire, shot up from it, to nearly 300 feet in height ; and 
mud, mixed with bitumen, was projected to the distance of nearly a 
mile. The whole projected mass was computed to amount to 100,000 
cubic feet Accoiding to Pallas, it consisted of a bluish day. 

The growing, or increasing mountains which are met with at the 
toot oi Mount Caucasus, near Baku, and near the mouth of the river 
Knr, belong to the same dass. They are produced by springs, 
which throw out a salt, slaggy mud, and in this manner hills above 
400 feet high are formed. 

Common volcanoes throw out, though with greater violence, sub- 
stances dissolved in water. Those which crown the chain of the 
Andes, near the city of Quito, emit only a small portion of scoriae ; 
but an enormous quantity of water and clay, combined with carbon 
and sulphur. In former ages such agencies had, probably^ a Q^eat 
inflnenoe in ^ &rmation of some monntaana. 
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CONCLUSION OP METEOROLOGY. 



It is thus that all the elements of nature are armed for mutual 
destruction. What are the revolutions which we behold, in compar- 
isoo to those which must have occurred in the creation of the world ; 
and those which, perhaps, are destined one day to accomplish its 
final destruction f May not the stars, those suns without number, 
which guide the mariner in the midst of the pathless deep, be in 
one moment extinguished by the fiat of the omnipotent Ruler 
and Maker oi the universe ; and may not the arch of the globe 
upon which we stand, give way beneath our feet ? Is not the equi- 
librium of the oceans hable to be subverted ; and may not the foam- 
ing billows roll at some future day, over these continents which are 
DOW covered with the monuments of human industry and skill ? 
May not the earth be swallowed up by the sun, on approaching very 
near to it, like a drop in the ocean ? How fHghtfid would it be to 
exist in the midst of these perfidious elements, in the bosom of this 
perishable universe, without the consoling faith and confidenoe in the 
mfinite wisdom, power, and goodness of a supreme Creator and 
Father of the universe, who directs the operations of nature, and 
hourly sustains, by stated laws, these mighty operations, for the well- 
being of the human race, making all things glorify himself, and pro- 
mote the improvement and happiness of his creatures. 

It is only the firm and unwavering belief in an order of thing» 
superior to matter, in a moral worid, that can fortify us against the 
tc^rs by which our physical existence is everywhere assailed. 



DIVISION FIFTH. 



BOTANY. 



§ L — ^Prsumikart Remarks. 

It is the province of the botanist to examine in detail the treasures 
of tke vegetable kingdom : the business of physical geography is 
only to mark its general arrangements. And here, it finds abund- 
ant reason to admire that Divine Wisdom which presides over the 
constitution c^ the globe. 

That certain v^etables are confined to certain districts, depending 
in a great measure upon soil and climate, must be familiar to most 
inquirers into the works of nature. With regard to climate, the two 
ex^mes are represented by the countries within the tropics, and those 
whidi surround the Poles. In one, nature exhibits herself in her 
most lovely, exuberant, and magnificent form, and the earth is cov- 
ered with v^etables which indicate a never-ending summer ; whilst 
in the others, a short summer calls into life a few thinly scattered, 
Bmall, and stunted plants, which scarce rise above the mosses and 
lichens that surround them. The intermediate zones will be found 
to be occupied by other races, gradually, however, increasing in differ- 
ence as they approach to one or other of these extremities. The 
same gradation may be observed on a lofty mountain situated within 
the tropics. At its base may be seen those plants which are peculiar 
to the tropics, and the beauty, grandeur, and perpetual verdure, will 
gradually diminish in the ascent, until a soil and climate is found on 
the higher summits, similar, with regard to temperature and produc- 
tions, to those in the vicinity of the Poles. With regard to climate 
and vegetable productions, our globe has been properly compared, in 
its two hemispheres, to two immense mountains — such as we have 
just described — placed base to base, the circumference of which, at 
the foot, is constituted by the equator, and the two Poles represent 
the sunmiits of these two mountains, crowned with perpetual gla- 
ciers. In other words, ascent above the sea level influences vegetation 
predaely like recession from the equator. 



282 BOTAirr. 

That every oonntrj possesses a vegetation peculiar to itself, is also 
well known, and tius is particularly the case with countries whose 
natural boundaries are fc^med by mountains, seas, or deserts, in the 
same, or different degrees of latitude. Europe exhibits a widely dif- 
ferent class of plants from that part of North America which lies 
immediately (^posite to it. 

The botany of Southern Africa has little or no reseml^ance to 
that of the same parallels in South Aioeriea, or New HoQand. Nay, 
in England alone, ihere are some plants which are confined to the 
eastern, and some to the western side of the kingdom. Nature haft 
constituted the barrier; £>r, by art, they may be cultivated on either 
side. 

Botanical geography is occupied with considering the range, or 
country in which plants grow, the pecuMar eirenmstances under which 
they fiounsh, and deducing general laws from the &cts thus col- 
lecteci. 

Vegetable geography is intimately ecnmected with horticultore ; 
and in proportion to our knowlec^ of ihe relations of plants to the 
surrouodinG: elements, will our sfardens be stocked with fruits, vege- 
tabJe^T? flojrens our fields lith grain, and oar p.t^ ^ 
grasses^ The importance of the subject is obvxKK from the fiict 
that man b wholly dependent, either mecBately or immediately, lor 
his very life^ upon the vegetable kingdom. 



§ IL — ^iNFLusafCB OF Tbsipebature oif Plaitts. 

Heat k a most obvious and powerful agent in afi^etii^the 6xisteno9 
and growth of plants ; and of this we have cootinual experience before 
our eyes. In winter all vegetation is at a stand, and we can only culti- 
vate those plants which are in a continual state of v^eta^on, by artifi- 
cial beat Plants are nourished through the agency of water ; hence, 
vegeta^on is arrested when the temperature is bek>w the freezing point, 
lor the water, beoonring solid, cannot circulate through the T^table 
tissuesw Again, in the great deserts the heat and drought are so excesfflve 
that they dty up the earth, and even deprive the air of most of its water. 
Hence, there is no vegetation. These efi^ets are more remarkable 
on the surface €i the earth than at a great depth. Hence, if there 
be trees whose roots penetrate deep into the soil, and readii a tem- 
perature greater in winter than that of the outer aor, so that the 
fluids imbibed keep their interior at a degree of heat nearly the same 
as that indicated by a thermometer placed at their roots, such trees 
resist the extremes of temperature better than those whose roots are 
omr ibe sarhee. 
J\)>w&tM summer he«ta aiecK(ci3k&« eft ciraR&^>araR»«BA.^ibx«lsat(> 
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endme the irymg efiects of odd in the eiiBiuiig winter. HeBee, ia 
Britain, so many fruit trees ue affected by moderate frootiy while on 
oontinents the same trees arrive at the highest deg^ree of perfection, 
in the corresponding latitudes. Even at Paris, the oleander will not 
bear in winter. For the same reason, the weeping willow becomes 
a large tree in England, while in Scotland, in parts where the winters 
are just as mild, but the summers much cooler, it requires the most 
fiivorable sitvations, and even then languishes. 

Nothing affonls a more striking proof of the influence of temper- 
ature on v^etation than a high mountain in the equatorial regions. 
Under Ihe burning sun of the region at its base, bananas and plan- 
tains grow profusely ; a little higher up, occur oranges, limes, and 
figs. Then succeed grape vines, fields of maize, and luxuriant wheat. 
.M>ove these, flourish rye, barley, apples, and pears. The grasses 
extend a little further, and the series is closed with mosses like those 
of the arctic regions ; these extend to the snow-line. The changes 
in the forest trees are equally striking, £rom the palms and tree-ferns 
id the plains, through chestnuts, oaks, beeches, and birches, till we 
come to the cold-lovmg pines. In ascending the mountains of the 
temperate zones, the variety is rather less, but the chan^ are equally 
striking: We may begin the ascent of the Alps, for mstance, m the 
midst of vineyards, and pass through a succession of sweet chestnuts, 
oaks, and beeches, till we gain the elevation of the pines and stunted 
birches ; and at length we tread on pastures fringed with perpetual 
snow. 

The celebrated traveller and botanist Toumefort, found at the base 
of Mount Ararat the common vegetable productions of Armenia; 
half-way up, those of Italy and France ; iad towards the summit, 
those of Scandinavia. 

The influence of temperature upon the distribution of phmts, is 
distinguished by De OandoUe under three heads, viz.: — 

1st The mean temperature of the year. 

2d. The extreme temperature, whether in regard to cold or heat 

3d. The distribution of temperature in the different months of 
tibeyear. 

The mean temperature, which has long been considered of great 
importance by the physician, is in reality of the least importance, 
with regard to the geography of plants. It is often determined by 
circumstances so widely different, that the consequences and analo- 
gies to be deduced from it relative to vegetables, would be very erro- 
neous. 

By attending to the extreme points of temperature, results more 
limited, but far more exact, are to be obtained. Thus, every locality 
which, though at short intervals, affords a d^ree of cold or heat, 
intense in d^giee^ caanot £ui to produce piaoia w\ni^ ^ot^ ^K^fii^^ ^ 
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BupportiDg these extreme degrees. By artMcial means many plants 
nw be nourished and brought to perfection m temperatures very 
di£»rent from those of which they are natives ; and, also, such plants 
can be obtained and propagated, as could not there exist in a wild 
state. But this acclimation of plants has its hmiis, and some have 
never been raised by human art beyond their natural ranges, althougli 
many attempts were made to that effect Where the climate and 
other circumstances are favorable, exotics mingle with indigenous 
plants, and thrive quite as well. They sometimes grow in a climate 
not &voraUe ; but they do not flourish, and their characteristic prop- 
erties are apt to change. Such are the cloves and nutmegs of the 
Moluccas, and the cinnamon of Ceylon. 

The distribution of heat at different months of the year, is found 
to be of the greatest importance with regard to v^table geogra- 
phy. Some climates are eminently uniform. A certain mean tem- 
perature is produced by a mild winter, and a moderate degree of heat 
m sunmier. This is often the case on the sea coasts, extremes of 
beat and cold being moderated by the sea, which, like a vast reser- 
voir of equal temperature, imparts to the land heat in winter, and 
cold in summer, and enables even tropical plants to exist in some sit- 
uations of the temperate zone. Such are the western sfiores of 
Europe and America, and a great portion of the southern hemisphere. 
A similar mean temperature may be produced by a combination of 
severe winters with very hot summers ; as in the great continents 
compared with islands, or the eastern side of those continents com- 
pared with the western, or the northern with the southern ; but these 
two climates will produce very different vegetation. 

Annual plants, which require heat to ripen their seeds, and are 
torpid in winter, abound most in those climates where extremes are 
greatest ; while perennial plants are found most flourishing in tem- 
perate climates. Evergreens are most abundant where the temper- 
ature is most uniform. 

The greatest number of species of plants is found within the trop- 
ics ; and the proportion which the woody species bear to the herba- 
ceous, annual, biennial, and perennial plants, decreases from the equa- 
tor to the Poles ; but, as an equivalent, the prc^rtion of perennial 
to biennial and annual plants goes on increasmg in the same direc- 
tion. Near the extreme limits of vegetation, t£ey are reckoned two 
to one. 

We must not conclude that the same degree of elevation in cor- 
responding degrees of latitude, is necessarily suited to the vegetation 
of the same plants ; for the various circumstances formerly (£acus8ed 
may modify the degree of heat at the same elevation. 

The depth of the valleys influences vegetation ; the deeper they 
MK^ ttmoiote intense the cold oa \)bi^ %uxs3sa\ft^^0BMb'M9i^^ 
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moimtidiis, because the less heat is reflected upwards from their sides. 
Tliiis the pine does not thrive on the Bregel Mountains at a height 
of 5,100 feet ; but it succeeds perfectly, at the same elevation, on 
the Rhetian Alps. The vallejrs surrounding the former are much 
de epe r, and consequently they are much colder, than the latter. 

When accompanied with humidity, even a high degree of heat 
does not destroy vegetation. Thus we see plants grow, not only on 
the borders of hot springs, but even beneath their waters, wnose 
temperature we should be apt to suppose fatal to all vegetable life. 
Examples of this kind occur in every quarter of the globe. 



§ in. — ^Influence of Light. 

The influence of solar light on vegetation is as important as that 
of temperature, though it acts less powerfully on their geographical 
distribution. It is an agent which operates in producing some of 
the principal changes in vegetable life. It influences the absorption 
of plants ; for they imbibe less humidity in darkness than in the day. 
It r^ulates the watery exhalations of the green parts of plants, 
which exhale little during the night or in dark places, but very freely 
during the day, especially in the suu. 

Light is essential to the decomposition of the carbonic acid in the 
tissues of plants, and consequently to the deposition of carbon, the 
main part of their nutriment. The oxygen is returned to the air, 
being exhaled from the leaves and green parts. This is effected 
only by solar light, and it has been found that the change is pro- 
duced solely by the yellow rays. The formation of the cMorophyUe^ 
or green matter of plants, is entirely dependent on light ; and it 
ceases to be produced whenever the light ceases to shine on the 
plant.' Light is also the cause of plants opening their leaves and 
blossoms, which frequently close after sunset and open again next 
morning. Some plants, however, seem to be affected by other be- 
sides solar light, — and perform their functions during the night 
These form but a very small proportion of the vegetable kind. The 
sleep of plants is simply the suspension of their ordinary functions, 
owing to the absence of that kind of light necessary to their per- 
formance, although the variations of temperature have probabty 
some influence. In the countries situated under the equator, an 
intense light, as it acts more perpendicularly, influences vegetables 
almost equally, during twelve hours in the day, through the whole 
year. In proportion as we recede from the equator, the intensity of 
oblique solar rays diminishes gradually till we come to those regions 
where solar light is completely wanting during winter, but where 
the cold would render it nearly useless to plants, even If tba^ did 
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not shed their leaves. We may now understand why plants which 
lose their leaves, can better exist in northern countries, while ever- 
greens, or those whose vegetation is continual, exist better in southern 
regions. They are arranged accordingly. Those plants, again, 
whose foliage and flowers maintain habitually and constantly the 
game position, flourish in northern climates where the light is idmost 
continual in summer ; while it is in the regions of the south that we 
find those species which are remarkable for the alternate closing and 
expanding, or sleeping and waking, of their flowers ; a motion which 
has an intimate connection with the alternation of day and night. 
Thus we see why it is so difficult in countries remote from the 
equator to cultivate tropical plants. It is not the want of heat, but 
of sufficient solar light, which prevents the vine from ripening its 
fruit in Normandy, or southern England, where it is foggy ; it is the 
long and uninterrupted action of the sun's colored rays, and not his 
heat, which causes the rapid development of Alpine plants in high 
northern regions. Plants, therefore, are arranged in their diiSer^t 
localities according to the quantities of light which they require. 
Those with very watery leaves, or those which, having few organs 
of evaporation, need a strong stimulus to determine their action ; 
those which have a tissue abounding in carbon, or those wMch con- 
tain very resinous or oily juices, or ofier a large extent of green sur- 
fece, — all these require much light, and are found in open or 
exposed places. The rest, according as they are more or less dis- 
tinguished by these properties, exist under the slight shadow of 
bushes, hedges, walls, or forests ; or as is the case with many fungi, 
in caves and darkness. The last are destitute of green color, being 
usually of a dingy white ; but mosses, ferns, and some evergreens, as 
the ivy, flourish best, where plants that vegetate only in summer 
eould scarcely hve. 



§ rV. — ^Influence of Water. 

Water, being the vehicle by means of which much of the nour- 
ishment is conveyed into plants, is not only of the highest import- 
ance in vegetable economy, but one of the causes which affect most 
powerfully the geographical distribution of plants on the surfece of 
the globe. Those vegetables in particular absorb a great quantity 
of water which have a spongy, cellular texture, or are furnished 
with large, soft leaves, or whose roots are very numerous, or of 
rapid growth. Plants of the opposite nature require dry situations. 
Great differences, however, are produced, according to the nature of 
the water which is absorbed ; the less it is charged with nutritive 
]nrmciples, the more necessary it is that the vegetable shall absorb^ 
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in a given time, enough to suffice for its support Again, the more 
the wat^ abounds with substances which alter its fluidity or tran- 
apaiency, and tend to obstmct the orifices of the pores, the less do 
BQch v^^etabks absorb in a given time. Snow is, upon the whole, 
beneficial to j^ants, by protecting them from the frosts of winter, 
and we may often obsmesin we spring that the spots covered 
with snow are the fint which put forth grass. The careful fiurmer 
well knows the value of snow in preserving his wheat frt>m being 
winter-killed. 

The nature of the substances dissolved in the water has a great 
mfluenoe upon the topogmphical distaribution of plants. The matters 
so dissolved are chiefly carbonic acid, atmospheric air, animal and 
vegetable substances, and alkaline or earthy substances. Those 
plimts whose cellular tnsue is found to contain much carbon, sudi 
as trees containing hard wood, avoid more than others, the vicinity 
of waters which are very pure, and which contain little carbonic acid 
gas. Plants which exhibit much nitrogen in the composition of their 
secretions, — such as fungi and cruciferous plants — seek those spots, 
where there is animal matter in scdution. Those again which pre- 
sent, wh^ chemically analyied, a considerable quantity of eaiihy 
mibstances, such as silica in the grasses, lime in pea-straw, Sso^ 
will require a greater proportion in the soil they occupy ; and if this 
be naturally deficient, it must be supplied artificially before they can 
flourish. Those species which yield when burned a larger portion 
of alkaline substances than usual, can only live where these matters 
abound. The species which have need of carbonate of soda will 
<mly grow saocess^illy near the sea or saline springs. But all such 
mbstances can enter the tissues of plants only oy being dissolved in 
water : and hence the different property of the substances dissolved 
in the waters is one of the many causes which determine the stations 
dT plants. 

m some cases water holds in solution substances un&vorable to 
vegetation of any kind, such as sulphate of iron, or green vitriol. At 
other times it contains some substance &tal to one dass of pbnts, 
which has no influence on others. Thus, the presence of some sub- 
stances in water, as well as the absence of others, determines the lo- 
cality of plants. 



§ V,-4otluence of Soil. 

The tissues of all plants are composed of lignin or cellulose, a com- 
pound of carbon and water : hence, it is not surprising that plants 
should thrive for a time without any apparent nntriment Wt ^«.t«t^ 
amw tbh ehmmt always oontains more os leaa c»\MTaiAi»^'«Wc^s^ 
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the plants could obtain carbon ; and they also absorb the same gas 
freely from the atmosphere. But the woody tissues, flowers Mid 
seeds of plants, store up within their cells various other substances, 
very different in composition from lignin ; and the amount of the 
several elements reqmred for this purpose, varies greatly in difl^rent 
species of plants. Thus, 1,000 lbs. of wheat contain only 2-}- lbs. of 
potassa, while the same weight of potatoes contains upwards of 4 lbs. 
1,000 lbs. of peas-straw contsdn 27-i- lbs. of lime, and only 10 lbs, of 
silica, while the same weight of wheat straw contains nearly 29 lbs. 
of silica, and scarcely 2^ lbs. of lime. Thus, we may see, that wheat 
cannot possibly thrive without an abundance of silica, nor peas with- 
out an abundance of lime. 

The substances secreted by plants are almost as numerous as the 
genera : for, there is scarcely any genus of plants whidi does not 
contain some chemical compound peculiar to itselfl Besides the 
compounds just mentioned, plants contain soda, magnesia, alumina, 
oxide of iron, sulphuric acid, phosphoric add, chlorine, &o^ although 
these are generally chemically combined. All these are obtained by 
plants exclusively from the soil ; and, hence it is evident, that, if the 
soil should not contain what the plant requires, it cannot flourish. 
Plants, indeed, have a power, to a small degree, of substituting one 
substance for another which is similar to it : thus, if they cannot find 
a sufficiency of potassa, they will sometimes take an extra quantity 
of soda, instead : but this power is limited, and cannot be carried to 
any great extent without destroying the vigor of the plant, and viti- 
ating its products. Much of the art of agriculture consists in sup- 
plying, in the form of manures, those sulitances required by the 
future crop. 

It is not sufficient, however, that the soil should contain the ele- 
ments required by plants : they must exist in it, in such a form as to 
be available. Quartz rock, for example, consists mainly of silica ; 
yet, it is in such a form, that it cannot enter into the tissues of plants. 
The substance, in short, must be in such a form, that it can be dis- 
solved by water, which is the sole medium of conveying nutriment to 
plants from the soil. Hence, the form is here as important as the 
substance. 

Some plants, again, have a power of absorbing nutriment, and 
flourishing where others die. Thus, many species of moss will thrive 
in the soil formed from granitic rocks, by the action of atmospheric 
agencies, without any intermixtiire of decayed organic matter, while 
no tree will live in such circumstances. Amidst lavas, and other bare 
rocks, therefore, nothing but the humble plants will grow, till their 
decomposed remains have accumulated sufficiently to support the 
jmore complex plants. 

lie 80U ienros as a meaDaoi axK^^^ V^N«||^fcaid«K«A< 
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qpently its consistence must possess a peculiar fitness for sustaining 
plants exhibiting very various forms. Thus, soils composed of blow- 
ing sand, can only support vegetables which are of humble stature, 
and fiat and spreading growth, (so that the wind cannot blow them 
away,) or trees furnished with very deep and branching roots. The 
contrary holds good with regard to very compact soils. The two ex- 
tremes of these soils are apt to present a scanty vegetation. Moving 
sands are subject to rapid currents ; clay of a very compact nature, 
or rocks of great hardness, are equally unfriendly to vegetable growth. 
Where the soil is very close and tenacious, it ofters too much resist- 
ance to the spread of roots, and excludes the free access of air, which 
is as necessary for plants as for animals. 

Different soils act upon vegetation according as they absorb, re- 
tain, or part with the surrounfing water, more or less easily. The 
celebrated Barwan ascertained, by a comparative analysis of earths, 
which were considered excellent for wheat, in various countries, that 
they contained more sihca, if the climate is subject to rain, and more 
alumina if the contrary was the case ; and, in short, that the soil, to 
be good for any given vegetable, ought to have the power of ab- 
sod>ing more moisture in a dry climate, and less in a humid one: 
whence it is plain, that in di£terent locaUties, the same species of 
T^table may be found in different soils. 

Every kind of rock has a certain degree of tenacity, and a certain 
disposition to decompose, or become pulverized, whence results the 
greater or less ^cility of particular soils to be formed either of sand 
or gravel, and composed of fragments of a determined form, <fec 
Those soils which decompose rapidly, furnish abundant nutriment for 
the support of plants, while those which are disintegrated slowly can- 
not support a luxuriant vegetation. 

Some rocks are more susceptible than others of being heated by 
the direct rays of the sim, and consequently may, to a considerable 
degree, modify the temperature of a given place, and thus influence 
the choice of plants capable of thriving upon them. 



§ VI. — ^Atmospheric Influences. 

The atmosphere, in its pure state, is at all times composed of the 
same proportions of nitrogen and oxygen, and therefore, in this state, 
its influence upon all vegetables is similar. But the atmosphere, also, 
is of different degrees of transparency or density ; other substances 
mix with it, in certain places, and render it more or less suitable to 
certain species of plants. In mines, for instance, the quantity of car- 
bonic acid gas, or of carbureted hydrogen, may be so great as 
k? preclude v^etatsaa altogether, or only to ii6\xf^%>v^'^^a3^^ 
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absorb these substances especially. The air charged with saline 
emanations from the sea, injures some plants, and on the other hand, 
encourages the development of others ; as may be seen in the valleys of 
^e south of Europe, where some maritime plants may be cultivated 
at a great distance from the ocean, provided they lie open to the sea, 
and are exposed to winds that blow from it. Sulphurous frmaes, and 
many others pernicious to animal life, have no perceptible bad effects 
on plants. 

The most general influence exercised by the atmosphere, however, 
is its power of containing and parting with moisture. The atmo- 
sphere is habitually charged with moisture ; sometimes in such a 
manner as to be invisible, and then only ascertainable by the instru- 
ment called hygrometer. At other times the moisture is visible, in a 
state of vapor, or dew. We find that vegetables, in general, flourish 
better in a climate where, at a given degree of temperature, tiie air is 
moderately moist, than in one where it is either too much saturated 
with moisture, or too dry. 

The agitation of the air by winds, and other causes, exerdse an 
influence over vegetation, by cooling at one time, and warming at 
another,— now bringing moisture, and now removing it; and bycon- 
Tcying seeds to distant parts. 

Of all the atmospheric influences, the most diflScult to reduce to an 
ascertained value, is that of density. In proportion as we are ele- 
vated in the air, the temperature, as well as the moisture, continues 
to diminish ; and hence, it is difficult to determine how much may 
be due to diminished density alone. The facts that go to prove, that 
the diminution of the temperature upon high mountains, is one of 
the causes which affect the distribution of vegetables, are the follow- 
ing : 1. The natural situation of each plant, at a determined eleva- 
tion above the level of the sea, is so much the greater, in proportion 
as the country is nearer the equator, and less in more temperate re- 
ffions ; that is, the further we recede from the equator, the greater 
mfluence has the exposure upon the temperature. 2. In temperate 
climates, those plants that are not influenced by temperature, are 
found on the summits of the highest mountains, where there is not 
perpetual snow. Thus, the birch, heath, and juniper, grow from the 
fevel of the sea, to the height of 10,000 feet. 3. The elevation 
above the level of the sea, produces effects precisely analogous to 
those which result from distance from the equator. In proportion as 
we rise in the air, the density is diminished.* 4. In proportion to 
the greater height upon the mountains, so will the hydromieter be 

* The intensity of light is increased theoretically as we ascend ; but we 
know, from other circumstances, that the small differences in t hiff 4»l< ^n ient can 
ftoduce DO sensible efifect. 
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seen to indicate a less deffree of humidity. The same general ef^t 
takes place as we recede nom the equator to the Poles. 5. If plants 
which, according to their nature, avdd either too high or too low 
a d^ree of temperature, yet grow at dififerent latitudes, it is at heights 
where the efifect of elevation may compensate that of latitude : thus, 
the native plants of the northern plains will he found to flourish on 
the mountains in the south. 6. On mountains covered with per- 
petual snow, where the plants are constantly mcHstened with water 
m a freezing state, those to which a warm temperature is unfriendly, 
will live at inferior heights to those which they hrave in the same 
latitude when they are not watered from these cold sources. 

It would appear, then, from all these ohecrvations, that the situa- 
tion or fixed locality of plants at certain heights, depends mainly on 
the fall of the temperature attributable to that elevation. 

The rarefaction of the air can, therefore, directly influence vegeta- 
tion, only by causing it to absorb a greater or smaller degree of oxy- 
gen, during the time of fructification. The analogy of animal res- 
piration, however, leads us to conclude that this influence is very 
unimportant Rarefaction, again, fiivors increased evaporation, by 
diminishing the pressure whidh checks it ; and this effect must have 
some influence, ^though we know <^ nothing which proves that it 
k extensive. 



§yn. — Station and Habitation or Plants. 

These are both important ; the former implies their situation as 
regards local circumstances, and the action of physicid causes on 
T^etables ; the latter implies the geographical position. When we 
say, for instance, that such a plant is found in marshes, in woods, or 
on mountains, in England, France, or Ncvth America, we mean what 
is called station^ by the fint, and hahitation by the last. Particular 
plants have their stations on the mountains, and their habUations in 
America ; so that if we say such a plant grows on the mountains of 
N. America, this expression indicates both its station and habitation. 

The seeds of plants, by varied and beautiful means, are widely 
dispersed by the hand of nature ; while some Mi on barren ground, 
others take root in situations harmonious to their nature, and pro- 
duce, some 30, some 60, and 100 fold. There are tribes of plants 
which, imder these circumstances, increase so prodigiously, that they 
destroy weaker vegetables, and appropriate to themselves a great 
extent of the surfece of the earth. Such are termed by Hum- 
boldt, " social plants." Of this family, are the elymtis arenarius, 
or "sea limegrass," and marram, or sea-reed, also called aruvdo- 
mremtriuSf^ which occupy a pnxU^oua sux&o^ A laocu^ i^csta^ \& 

11 
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the exclusion of all others, their loDg, creeping, entangled roots 
binding the sands t<^ether, and thus Arming a barrier to the en- 
croachments of the sea. Such also is the purple heath, which covers 
sterile moors in several parts of Northern Europe with a coarse, but 
pretty flower. The flowers of the gentian cover with a carpet of 
rarilUant blue, the sides of the Alpine Hills, in Switzerland, and the 
south of Europe. Some of these plants are constantly striving to 
obtain a victory over their neighbors, till the strongest win the 
ground, and destroy the rest Many low, perennial, and herbaceous 
plants are overpowered by a colony of taller shrubs, such as whin, 
furze, and broom ; and these, in turn, give place to trees and shrubs 
of a larger growth. 

There are many situations which produce only one or two kinds. 
The snow, in the highest arctic regions, has been discovered by en- 
terprising travellera, to nourish and bring to perfection that highly 
curious v^etable called palmella nivalis. This minute fungus veg- 
etates on the surface of snow as its natural abode, which gives the 
snow the red appearance that so surprised its early observers. The 
trufOie, or tuber dbarium, is found entirely hid beneath the sur&oe 
of the earthj hr which, in France, little dogs are trained to search 
and bring to light, for cuhnary purposes. 

Some fungi are detected growing upon the dead horns and hoofe 
of animals, and upon dead chrysalides. Both fungi and mosses grow 
on the earth thrown out of stables, and other animal deposits. Pa- 
per nourishes the minute conferva dendroidea ; and window glass, if 
laid by in a moist place for a certain length of time, produces the 
conferva fenestralis. Wine casks, in damp cellars, produce the plant 
called racodium cellare ; and Dutrochet, a great botanist, has de- 
tected living vegetables in Madeira wine, and in goulard water. All 
these may be numbered among the extraordinary stations. 

Plants, with reference to their stations, may be divided into the 
following classes : — 

1st Maritime plants, — ^These are terrestrial, but grow on the sea- 
shore, or near salt lakes, as the saltworts, glassworts, <fec ; hence 
these plants abound in the interior of Africa, and the Russian do- 
minions, where there are salt hills. 

2d. Marine plants. — ^This tribe is chiefly cryptogamic, and com- 
prises the alga), fuci, and ulvse. The phaenogamous, or perfect marine 
plants, are Qie sea wracks, and a few others allied to them. 

3d. Aquatic plants growing in fresh water. Both running streams 
and stagnant water abound in plants. Some are quite submerged, 
but, with the rare exception of the little awlwort, the flowers rise to 
the surface for fructification. 

4th. Marsh or swamp plants, 

6tiu Jfeadaw and ptutwrt plants. 
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6ih. Field jj^nU. — Tins tribe often includes such as, being intro- 
dnoed with grain, are equally placed there by the hand of man. 

7th. I^k plants — ^which include the natives of very stony spots, 
and such as grow upon walls. These, though artificially constructed, 
are known to produce many plants in greater perfection than natural 
lock ; but we must not suppose that any vegetable is confined to this 
habitation. The draba muralis, and holosteum umbellatum, ore ex- 
amples of this tribe in England ; and among the mosses, the grim- 
mia pulvinata, and fortula muralis, &c 

8th. Sand plants, 

9th. Plants of dry moors — ^where heaths abound. 

10th. Plants attached to the vicinity of man — such as dock, net- 
tle, &C. These species follow human footsteps even to the huts and 
cabins of the highest mountains, encouraged, perhaps, by the pres- 
ence of animal substances, and the nitrc^n whidi is known to abound 
in them. 

11th. Forest plants — consisting of such trees as live in society. 

12th. Plants of the hedges — as are many climbing plants in Eng- 
land, such as honeysuckles, travellers' joy, kc. 

13th. Subterranean plants — ^those that live in mines and caves, 
and whidi, though numerous and important, are cryptogamous. One 
qtecies, a fungus, yields a pale, phosphoric light, of considerable 
intensity. 

14th. Alpine plants^ or mountain plants — ^for the limit that di- 
Tides these must depend on latitude. A plant which inhabits the 
kftiest Alps of the south of Europe, will also Uve on a slight eleva- 
tion in Norway and Lapland. Again, upon mountains that have no 
perpetual snow lying upon them, alpine plants will be found much 
higher, than on such as have perpetual streams of cold snow water 
descending from them, since mese affect the atmosphere at much 
lower r^ons. 

16th. Parasitic plants — such as the mistletoe, the various species 
of lauranthus, and that most wonderful of all vegetable productions, 
the rafSesia amoldlL These, as their names imply, derive nourish* 
ment from a hving portion of the v^etable to which they attach 
themselves. This is also the cdse with many fungi which subsist 
on the hving foliage of plants, some on the upper, and some on the 
under side of the leaves. 

16th. Pseudo-parasites — a very extensive tribe, which subsist on 
the decayed portions of the trunk or branches of trees, such as many 
mosses, lichens, <fec, or such as are attached simply to trees, or other 
substances, without obtaining any nourishment from them, but from 
the surrounding element. Among this tribe, may be ranked the 
numerous and singular family of the orchidae, called, from their na- 
Uae and property^ air plants. 
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Greatly as the preceding list might be uKsreaaed, we see there v, 
even here, a gradation and approximation of ooe tribe to the other. 



§ Yin. — ^TaANSMIOBATION AND ClASSBS 07 pLABTB. 

To what extent plants migrate, unaided by man, it is difficult to 
aay ; but they are supposed to be aided by the following causes : — i 

1st. The sea and its currents, though to a limited extent; for if the 
seed be of such a nature that the water penetrates its integuments, 
it perishes. Yet to so great a distance are seeds carried by the sea, 
that upon the coasts of Britain, of Iceland, and of Norway, are seeds 
of plants that grow in the West Indies frequently cast, and some- 
times in a state of vegetation. 

2d. Rivers, by tiie constant movement of their waters, carry many 
plants to a great distance ; and the banks of streams usually oontam 
a more varied vegetation than districts remote from them. Thus, 
too, are sassafras and other plants washed down from mountains into 
valleys, and flourish there. 

dd. Winds, which waft the light, winged, and downy seeds to 
immense distances, by which means they are widely dispersed. 

4tL Animals, which, in wandering about, often cany in their coate 
the seeds which have hooked bristles. 

5th. Birds which swallow berries and other fruits, and cast the 
seeds on the ground in a state peculiarly adapted to germination. 

Man is, however, the most active agent in dispersing, and, by cul- 
tivation, improving plants. The potato, for instance, which is a 
native of South America, and was first found there, is cultivated all 
over the world. Wheat is supposed to be indigenous in Tartaiy, 
rioe in China. These and many others have been conveyed ht 
beyond their natural habitations, and become naturalized t^ere. 

There are, however, limits to migration. The sea is an obstacle 
to the migration of some plants. Dry and burning deserts prove a 
powerful obstacle to the transportation of seeds. Thus, those dis- 
tricts of Africa which are separated by the Sahara, have a distinct 
vegetation ; so that the plants of Morocco and the north of Africa 
have little resemblance to those of Senegal. Mountain ranges form 
another obstacle. Thus the plants on the Italian side of £e Alps 
are quite different from those on the Swiss side. Those belonging 
to the Spanish side of the Pyrenees are distinct from the plants on 
the French side. The v^etation on one side of the Rocky Moun- 
tains, was feund by the enterprising Drummond, to be perfectly dis- 
tinct from those belonging to the other. 

All plants are divided into two great classes, jfhwerlesSy aeoU^ 
iAwMW# or «r3Qp<o^afiioiw, and/ot^^ 
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plants. Of flowering plants there are two great subdivisionfi, numoeo- 
tyUdons or endogens (iDrcrowers,) and dicotyledons^ or exogens (oulr 
growers.) The number o? species at present known exceeds 150,000, 
of which about 15,000 are cultivated. 

Acotjledons are those plants which have no cotyledon or embryo 
leaf to the seed, and show no plumule in sprouting. These are 
all small plants, of simple structure, and destitute of hard, woody 
tissue. Mosses, sea-weeds, mushrooms, ferns, ^c, are included in 
this class. Monocotyledons are those whose seeds have one cotyle- 
don or embryo leaf; such as grasses, rushes, corn, reeds, and palms. 
Dicotyledons are plants which have two cotyl^cws to the seed, 
such as most of our trees and shrubs, and many herbaceous plants. 
This class contains many more species than the preceding. Each of 
these orders of plants possesses external characters and have not 
only a peculiar station, but their geographical distribution is differ- 
ent. Monocotyledons grow from witlmi ; dicotyledons grow by the 
addition of an annual layer from without. 

The acotyledons increase in number as we recede from the equa- 
tor, except the ferns, which are most numerous there. Among the 
monocotyledons, the palms are exclusively confined to the warm 
r^ons. The siliceous plants abound there. The dicotyledonous 
plants are most widely distributed, and abound in temperate and 
tropical dimates, but most in the former. The leguminous plants, 
to which belong the bean and pea, <fec., abound most in tropical 
r^ons, and diminish as we recede from the equator. The umbel- 
li&x)us and cruciferous plants are very rare within the tropics, except 
on the mountains. They abound in the south of Europe, and espe- 
cially about the valley or basin of the Mediterranean. Anti-scorbu- 
tic plants, so useful to the mariner after long voyages, abound every- 
where, Providence having made most ample provision for every 
human want. 



§ LL — ^BoTAKioAL Begions. 

To divide the globe into botanical regions is not difficult, as cer- 
tain countries possess a peculiar vegetation, and numerous impedi- 
ments prevent migration ; while certain tribes of {dants are incom- 
patible with certain climates. M. de Candolle has described twenty 
of these regions, — ^which contain each a distinct vegetation. They 
are as follows : 1st. The hyperborean region. This region includes 
the northern extremity of Asia, Europe, and America, and gradually 
meiges into the following. 2d. The European region, comprising 
all Europe, except the part bordering upon the Poles, and the 
iontkerD districts borderiiig on the Med^ktoctani^uu Oii^(^^»^>^ 
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extends to the Altaian mountains. 3d. The Siberian r^on, com- 
prising the great plains of Siberia and Tartary. 4th. The Mediter- 
ranean region, comprising all the basin of that sea, viz. Africa, north 
of the Sahara, and that part of Europe which is sheltered from the 
north by a continued range of mouniams. 5th. The oriental re^on, 
thus called relatively to southern Europe, and containing the coun- 
tries bordering upon the Black and Caspian Seas. 6th. India with 
its archipelago, ^th. China, Cochin- China, and Japan, 8th. 
J^ew Holland. 9th. The Cape of Good Hope, or southern ex- 
tremity of Africa beyond the tropics. 10th. Abyssinia, Nubia, 
and the Mozamhiqiie Coast, imperfectly known. 11th. Equinoctial 
Africa^ viz. the neighborhood of the Congo, Senegal, and Niger j 
rivers. 12th. The Canary Islands, 13th. The United States of \ 
America. 14th. The western and temperate coasts of North 
America, 15th. The West India Islands, 16th. Mexico, Itth, 
Tropical South America, 18th. Chili, 19th. Southern Brazil, 
and Buenos Ayres, 20th. TTie countries around MageUaiCt 
Straits, 

The preceding division of De Candolle has been found to be too 
general, some of his districts containing various regions, each of 
which exhibits a peculiar flora. Professor Von Martins, of Munich, 
makes 51 districts, viz. 13 in Asia, 11 in Africa, 5 in Europe, 8 in 
South America, 4 in North America, 3 in Australia, Central Ame^ 
ica, the West Indies, the antarctic re^ons. New Zealand, Tasmania, 
Papua, and Polynesia. Even this classification is far from being suf- 
ficiently comprehensive : for Polynesia contains several botanical 
regions, as well as the isles in the Pacific and Southern Ocean be- 
yond it. 

The plan of this work forbids us from giving a detailed account 
of the productions of the many regions above enumerated, even if 
it were likely to prove more interesting to our readers than we think 
it would. For such details we refer to the larger works of De Can- 
dolle and Lindley. We shall merely give a general view of the 
most interesting productions of the principal botanical zones of the 
globe. 

The empire of vegetation embraces the greater part of the globe, 
from beyond the polar circles to the equator, and from the sununits 
of the Andes, where the Uchen creeps over the hardest rocks, to the 
depths of the ocean, where fields of fuci and of algae grow unseen. 
Cold and heat^ light and shade, fertile lands and pathless deserts, 
have their respective flora, which thrives and prospers there. Let a 
volcano suddenly raise up from the bottom of the sea, above the 
bdilin^ waves, a rock covered with scoriae ; or let the polypes elevate 
a flat isle of coral, and perishing, leave it : organic force is instantly 
ready to produoe yegetaAioa «|^ lillouM^ xotdEik ^s^kki^ ^m ^ m 
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come into contact with the naked rock, when, in cold climates, there 
is formed upon its sur&oe, a net-work of tufted threads, which ap- 
pear to the naked eye like colored spots. Some of them are bor- 
dered by lines, bending outwards, sometimes single, sometimes 
double. Others are cut by furrows, which cross each other. As 
they grow older, their bright color darkens ; the yellow which shone 
to a great distance, changes to brown ; and the bluish gray of the 
leprariae insensibly acquires a tint of dusty black. The extremities 
of the older coverings approach, and mingle together ; and upon 
tins dark ground are formed new lichens of a circular form, and of a 
dazzling whiteness. It is thus that an organic net-work is wrought 
in sucoessive layers. Where the majestic oak now raises its aerial 
head, slender lichens once covered the bare rock. 
In the torrid zones, the portacula, the gomphrena, and other low 

eints inhabiting the shores, supply the place, and produce the ef- 
ts of lichens and mosses belonging to cold climates ; and moss, 
grasses, herbaceous and shrubby plants, fill up the long duration be- 
tween the lichen and the oak. Whence come the germs of those 
humble plants is not well known. 

The preceding observation tends to establish certain epochs in the 
history of the successive propagation of the plants which cover the 
earth. Doubtless, where vegetation had already thrown her ver- 
dant mantle over the primary and secondary mountains, the tertiary 
lands might still be seen scarcely dried, covered with muddy slime, 
and sown with some languishing plants, rushes, mosses, and thick 
bashes of willows. 

We ought to look upon the great chains of mountains as so many 
centres whence vegetation was scattered over the rest of the globe. 
And, indeed, the chains of the Alps, of Mount Atlas, and Mount 
Taurus, the central upland plain of Asia ; that of Southern Africa ; 
the Andes of South America ; the Alleghany Mountains of North 
America, are said to be the native land of the vegetables which 
eover the cotrntries lying at their bases. Some botanical districts, 
however, seem to have no connection with mountain chains : and, 
therefore, the preceding opinion of Lacepede and Ramond must be 
modified, to make it harmonize with facts. 

We are lost in admiration, at the wonders that display themselves 
in the vegetable world, and at the energy of that vegetative power 
which, amid such great differences of situation, sustains the modified 
life of each individual plant, in never-ending variety of forms, and 
eontinues its species in endless perpetuity. Wherever circumstances 
are compatible with vegetable existence, we shall there find plants 
arise. It is well known that, in all places where vegetation has been 
established, the germs are so intermingled with the soil, that when- 
ever the earth is turned up, even firom considetaXAft ^^^NJoa^ «xA ^'Sc 
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posed to the air, plants are soon observed to spring, as if the^r had 
been recently sown, in consequence of the germination of seeds 
which had remained latent and inactive during the lapse of centuries. 



§ X. — ^Flora of the Polar Regions. 

In the remote polar r^(His there is little or no appearance of any 
vegetation whatever. The palmella nivalis, or snow-plant, presente 
the first indicaticm of v^etable life. Then lichens appear, of whidi 
aome species have been occasionally used for food by the adventurous 
travellers into those inhospitable regions, although they are neither 
palatable nor nutritious. Still further from the Poles, appear stunted 
birches and willows, which rise scarcely half a foot from the ground, 
though they trail along the earth ten or twelve feet. When we 
come down further, they acquire a greater height ; fir-trees af^)ear, 
and cloud-berries grow in abundance. This berry flourishes best in 
the arctic regions, beyond lat. Y0°, although it grows on the north 
side of the mountains, in the Scottish highlsmds, in lat. 57^. Lnme- 
diately below the region of the cloud-berry, grow cranberries, who^ 
tleberries, cow-berries, currants, and gooseberries. 

The flora of the arctic regions, though short-lived, is very brilliant^ 
as one flower has no vigor to suj^lant another species, so that many 
kinds are found growing together. The constant glare of sunshine 
also contributes to impart liveliness to vegetation, and its freshness is 
not tarnished by slowness of growth : for a plant frequently grows, 
blossoms, ripens its seed, and dies, all within six weeks. 

The antarctic re^ons present no such appearance, owing to their 
summers bemg mu^ cooler ; for it is in that season alone that pdar 
vegetation exhibits any signs of life. For the same reason, the polar 
character of vegetation continues in the southern hemisphere down 
to a much greater distance from the Pole. Thus, the last trace of 
antarctic vegetation is found in the South Shetland Isles, in lat 60"' 
S., while the north or old Shetland Isles, in lat 61°, produce grain, 
potatoes, and fruits. 

Barley grows in the Faroe Isles, and near North Cape, in lat Yl°, 
while rve does not grow beyond the 6Yth, nor oats beyond the 65th 
parallel of N. lat Barley requires more heat than either of the 
other grains ; but it grows farmer north, because it ripens quicker. 
The potato grows under the 69th parallel. The northern parts of 
Norway and Sweden are the only lands within the polar Gurde sus- 
ceptible of any tillage. 
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§ XI. — ^Flora or THB Teiipsratk Zonxs. 

In pasBiog from the arctic regions, we still find the willow, birch, 
and pine ; but they now attain much larger dimensions. When we 
come down to the parallel of 60°, the oak, elm, maple, ash, and 
beedi, begin to appear ; and wheat can be raised in &vorable situa- 
tions. In Siberia, no grain can be raised beyond lat. 59°. The 
fiffthest limits of tillage in North America, hitherto, has been Cum- 
berland House, in lat 64° ; but grain could, no doubt, be raised 
mndi farther north, partkulariy on the west <^«st 

The north temperate zone is the native region of the common 
bead grains. The mountains of Persia and Tartary are considered 
the cmginal haHtations of wheat, oats, and rye, while barley still 
grows wild in Sicily. Maize is indigenous to the temperate regions 
of North America. 

The forest trees of the temperate zones are mostly deciduous, the 
]m)portion of evergreens being comparatively small ; and the variety 
of the flora is not ccHuparable to that of the torrid zone. Yet they 
prodnce in perfection tiie most nutritions mins, and abundance of 
me frnitB. The colder regions produce apples, pears, plums, cherries, 
eurants, gooseberries, and strawberries ; the warmer regions yield 
grapes, aprioota, peadies, idmonds, mulberries, figs, oranges, lemons, 
<^es, and dates. The cork-oak is peculiar to the warmer regions of 
file north temperate zone, which also yields the finest cotton, and 
pvoduoes sugar, coffee, and rice. 

The general absence oi severe droughts, freauently clothes the 
ground throughout the year with a green mantle of verdure ; and 
no other part of the world is so well adapted for raising flocks and 
herds. 

The timber trees of the temperate zones hardly yield to those of 
tropiGal comitries in real utility.* Here flourishes the oak, so long 
celebrated for strength and durability — ^the pine, so easily wrought 
into any form — ^the sugar-maple, which forms a substitute for the 
ragar-cane — the ash, in some respects superior to the oak — ^the box- 
wood, remarkable for its hard and close grain — and the cedar, whose 
durabiUty is such that it has never yet been ascertained. Among 
the TaluaUe herbs of temperate regions, are flax and hemp, which 
produce an immense variety of fobrics. They are raised between the 
80th and 60th paralleL Garden vegetables are numerous and ex- 
oellent, but so well known that they do not require to be enumerated. 

* In eize, if they do not equal some of the largest tropical trees, they are 
by no means diminutiye. Canadian cedars are found 15 feet in diameter ; 
and pine trees ooenr in Calilinmia 25 feet in diameter, and 800 feet high, a 
kafi^t never Bnrpaaaed, and seldom equalled within the tropics. 

11* 
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The potato, now so extensively cultivated in the Old World, is a 
native of the wann and temperate regions of South America. 

The species of plants in the two continents generally differ, where 
the genus is the same. Thus, the oaks, pines, hazels, alders, and 
birches, of North America, are all specifically different from t^ose of 
Europe. The forests of the former country present a greater variety 
of species ; and this seems to be the cause of the peculiar richness 
and variety of tints observable in its autumnal forests, which uni- 
formly stnke Europeans with admiration and surprise. Many genera, 
however, are peculiar to each continent. Thus the numerous order 
of the cdctacece is wholly American — and that of the aurantiacea^ 
(including the orange and lemon,) is nearly all Asiatic : — ^the tea- 
plant, again, is wholly Asiatic — ^and the pine-apple is exclusively 
American. 



§ Xn. — ^Floba of thb Torrid Zons. 

The productions mentioned in the two preceding sections as flour- 
ishing in the colder r^ons of the globe, will not thrive in a truly 
tropical station. When transplanted to such a situation, they some- 
times grow luxuriantly for a while, but produce no fruit ; at other 
times, they droop and die at once. Yet the reader may remember 
that the elevated regions of the torrid zone will produce, in perfec- 
tion, all the plants of colder regions. It produces an immense numr 
ber, however, which are peculiar to itself; and it possesses this ad- 
vantage over the other parts of the world, that it often can produce 
the peculiar productions of every region upon a single mountain. 

In the variety of its productions, the torrid zone greatly excels the 
others, as well as in their luxuriance and magnificence ; though in 
real beauty, it does not surpass several of the colder regions. Of all 
tropical regions. South America is most abundantly suppUed with 
various species. It contains about twice as many species as Europe, 
nearly three times as many as Asia, and more than four times as 
many as Africa. The grandeur of the BraziUan flora is nowhere 
eke equalled. 

Of the bread grains, rice grows luxuriantly ; and maize, though it 
grows in the cold regions of Canada, is raised in the plains, even 
under the equator.* Although the sugar-cane grows in the warmer 
regions of the temperate zones, it is only within the tropics that it 
grows luxuriantly ; and it is there only that extensive sugar planta- 
tions are found. It is indigenous both in south-eastern Asia, and in 

* Kooe of the bread graina has such a wide raoge as maise, or produoes lo 
abandantly with little UOxxr. 
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>pical. America. The most extensiye plantations are found in the 
Test Indies, and in Brazil 

Bice has been so long cultivated that its original habitation is not 
irtainly known ; but it is supposed to be indigenous to south-eastern 
jsia. No other grain is so extensively raised ; and it forms the sta- 
le food of more than one third of the human race. It is less nutri- 
tons than wheat or maize, as it contains less gluten and earthy salts, 
rith an excess of starch ; yet it is well adapted to the natives of 
rarm dimates, where only it flourishes. Cotton grows abundantly 
vithin the tropics, especially in South America and India, though 
(eoerally of inferior quahty. 

The cacao or chocolate nut, grows chiefly in South America. This 
8 also the native region of arrow-root, which is now cultivated in the 
i^est Indies and Ceylon. The valuable cinchona, or Peruvian bark, 
B foand on the sides of the Andes : there are upwards of 20 species 
>f this tree. Pine-apples are produced in southern Mexico, Guate- 
nala, and the "West Indies. They are now raised also in southern 
Ilhina and India. The chermoysa, said to be the most delicious of 
ill fruits, grows in the same regions. Plantains, guavas, and bana- 
las, grow in the "West Indies, Central America, and South America. 
Hie same regions produce the tamarind, and the cassava or manioc 
!oot Of the latter there are two species ; the root of the one con- 
ttns a poison, which is removed by boiling or roasting. These roots 
iBswer the same purpose as the potato ; and it is reckoned that they 
Md ^ve times as much nutrition as if the ground were under wheat. 
Tamarinds are also indigenous to India, whence the name {tamor- 
M^y India-date.^ The mangosteen, a fruit about the size of an 
»range and of a delicious ilavor, grows in Java and the Moluccas, 
lie cow-tree, which yields a nutritious juice like milk, is found in 
Venezuela. Vanilla is produced in Mexico, and South America. The 
trychnus toxicana^ which yields the deadly woorali poison, is found 
\ Guiana. Cayenne pepper is produced chiefly in the same region. 
Jl the finer gums are confined to tropical regions, in most of which 
ley abound. The same may be said of the spices. Cloves and 
itm.eg are confined to the Moluccas, and that spedes of laurel which 
rodnces the true cinnamon is found only in Ceylon. 

Cocoa-nuts flourish on the sea-coasts, in most tropical countries, 
he tree is one of the many species of palm, of which there are 
sarly 1,000 species, mostly confined to the tropics. Dates are the 
ait of another species oi palm, the one mentioned in the Bible : 
flourishes also beyond the tropics. Linnaeus calls the palms, from 
leir noble and stately appearance, " the princes of the vegetable 
ngdom." Nor is their utility inferior to their beauty : they pro- 
loe flour, sugar, milk, oil, flax, salt, thread, utensils, weapons, and 
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habitations. The Polynerians recioni aboat 70 uses of th# ooooa- 

Dut palm alone. 

The timber trees of the torrid zone are nmnerons and important. 
The well-known mahogany grows in tropical America. The teak ' 
tree, found in the East Indies, is superior to the oak for ship-build- 
ing. £bony is found in Madagascar and Sonthem Asia. Kose- 
wood is found chiefly in Brazil and SianL The hardest and heaviest 
wood is generally the production of the tropical regions, which also j^ 
yield most of the dye-woods, such as logwood and Brazil wood 
The bamboo supplies the Hindoo with materiab for building Lis 
house, and with many of his domestic utensils ; and the art of the 
Chinese makes it supply the place ci all other kinds of timber for 
household furniture. 

Tropical trees are remarkable for their size and longevity, as well 
as the luxuriance of their foliage and the rich and varied hues of 
their flowers. The Indian ^^ or banyan, attains an immense size, 
by throwing off'-shoots from its branches, which descend, take root, 
and give out branches, like the original tree. These branches throw 
out new shoots, and so on. One of this kind in Guzerat has several 
hundred main stems, and would easily afibrd shelter to 10,000 men. 
The Adansonia digitata, or baobab, of Senegal, is sometimes found 
34 feet in diameter, though it is hardly ever more than 80 feet 
high ; and the age of one of them, ascertained from the number of 
concentric rings in its trunk, was found to exceed 5,000 years* 
Park, the celebrated traveller, informs us that the leaves of some 
trees in Central Africa are so large that two or three suflfice to 
thatch, a cottage. 

As the temperature is sufficiently high within the tropics to sus- | 
tain vegetation throughout the year, the banks of the rivers are 
often clothed with perpetual verdure, thus realizing the poetical de- 
scriptions of a perpetual spring. The forests simultaneously exhibit 
vegetation at every degree of progress : some trees are budding, 
while others are in full blow, and oUiers are shedding their leaves; 
and sometimes the very same tree shows, throughout the year, buds, 
flowers, green and ripe fruit side by side. Flowers are more fre- 
quently met with growing on trees within the tropics than in the 
colder regions ; and they are also generally larger, more fragrant, 
and more variously and highly colored. Many genera of plants 
whicJi are found in the temperate zones only as humble herbs, or 
shrubs, attain within the tropics the size of large trees. Thus we 
meet with ferns, grasses, and cotton plants from 20 to 50 feet high ; 

* The age of some of the trees of temperate regions, though less than this, 
is very respectable. The yew-tree at Fortingal, in Scotland, (whose circumr 
ference beftire it formed several trees, was 52 feet,) is upwards of 2,500 yean 
old ; and another at Brabum in 'ED|^\B&ji ^«& %Q^ ^«dx^ ^\4. 
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and reeds 100 feet high are not unustiaL Yet there is another 
aspect of the picture. The various species of cane and parasitio 
plants unite the forest into one impenetrable mass of veffetation, 
through which fresh l»reezes never cux^ulate, and to which ue light 
of the sun seldom penetrates. Myriads of noxious insects, and 
numerous huge reptiles and beasts of prey render the scene stOI 
more forbidding to one who has been accustomed only to the graisjr 
fidds, sunny hiUs, and open forests of more temperate regions. 



§ XTTT. — ^Tablb of thb Yertioal Bakox of Plants.* 
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§ L — ^Preliminary Remarks. 

The Almighty Power diat created and set in motion the springs 
of animal life, has so wisely and beautifully ordered the whole system 
in its grandest developments, and its minutest parts, that the laws 
which govern the different species of animated creation in their na- 
ture and habits, are as distinct, and as perfect in their operation as 
uniform in their result From the half vegetable, half iM^eatJung 
zoophite — ^the last connecting link between man and the dust fit>m 
whidi he sprung — to the half reasoning elephant, the noblest of the 
animal creation, and the nearest in intelligence to the human race, 
the attentive inquirer can trace a wonderful and harmonious arrange- 
ment of faculties and of circumstances, adapted to the support and 
comfort of each separate species, until he arrives at the image of the 
Deity, with eye and front so beautifully constructed, as not only to 
survey at a glance the grandest and the minutest charms of nature, 
but also to look up to Heaven and acknowledge the power, wisdom, 
and goodness of that glorious Being who created all tilings, and who 
formed man with a view to prepare his spirit for a still loftier and 
holier state of existence, where knowledge will be without limits, and 
without end. 



§ IL — General View of the Animal EiKeDOM. 

The most superficial survey of nature is sufiOicient to show, that 
there prevail certain general resemblances, among great multitudes 
of species, which lead us to class them into more or less comprehen- 
sive ^ups. Thus, in the animal kingdom, quadrupeds, birds, fishes, 
npweBf shell-fish, and insects, comi^oei^ x^BtoiasL wau^aaaUauQ^ or 
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daaaes; and eidi of theoe is readily divisible into subordinate groa{^ 
or fiunOies. 

Upon a dose examination of the structure and economy of plants 
and animals, we peroeiye that the formation of all the individual 
species, conprehended in the same class, has been conducted by an 
fldl-v^ise and all-powerful band, in conformity, so to speak, with a 
certain type, or mould. Of this general type, all the existing forms 
a{^ar as so many separate copies, differing in particulars, but agree- 
ing in gena^l characters. The same observation applies to the fiun- 
Oies, the genera, and other subordinate groups of hvmg beings. 

Tlie more extensive our acquaintance is with the anatomy and 
physiology of plants and animals, the more striking do these anal- 
ogies appear ; so that, amid endless diversity in the details of struo- 
tures, and of processes, the same general purpose is usually accomb- 
phshed by similar organs, and in similar modes. So firmly is this 
principle estaHished, Uiat naturalists often venture, with confidence, 
to predict <»r describe many circumstances relating to an unknown 
anunal, of which only a few fragments are presented to them, from 
tlieir general knowledge of the characters and economy of the tribe, 
on the lype o( which it has been modelled. Thus, the discovery of 
a mutilated portion oi the skeleton of a fossil animal conveys to the 
physiologist, who is OMiversant with the details of comparative 
anatomy, a knowledge of the general structure and habits of that 
ammal, though all other traces of its existence may have been swe^ 
away, amid uie primeval revolutions of the globe.* So complete is 
the distinction <k species, that the microscopic structure of a bone 
18 sufficient, in many cases, to identify the species to which an extinct 
or unknown animal belonged. 

Not only does this tendency to conform to types obtain in all 
dganic formations, but further inquiry leads us to the conclusion, 
that deviations from these standard forms, far from being accidental 
or arbitrary, are referaUe to definite laws. The regulating principle 
of the variations is subordinate to higher views, and has reference to 
&e respective objects and destination of each particular species, in 
the general system of created beings. Providence, as &r as we can 
discern, appears, in conformity with these intentiona, first to have 
hud down certain great plans of functions for the operation of nature, 
and to have adapted the structure of the organs to these functions, 
the minor objects and more subordinate functions being accommo- 
dated to this general design. Hence arises the necessary and re- 
dnrocal dependence of eac^ organ, and of each function, on every 
otoer ; and hence are deduced, what are called the laws of the co- 

* Professor Owen of London has repeatedly given an account of the lead- 
k% diaracteristks of an animal after carefully eiamining a sio^ bone ; and 
lii dMcnptioDi wen vantel kj tnbsequni tttsGOTeM. 
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ezistenoe of organic forms. By attention to these laws, may often 
be explained how each variation that is observed in any one (H'gan, 
common to a natural group of animals, entails certain necessary and 
corresponding variations in other parts^ and extends its inflaenoe, in 
modifying in a greater or less degree, the whole fabric* It is in 
comparative anatomy, as in mechanics, where any alteration made in 
the position of one part of a sytdem. of bodies, occasions a change 
in the centres of gravity, of gyration, and of oscillation, and evolveB 
new mechanical forces, and conditions of eqmfibriom, which render 
new adjustments in other parts necessary, in order to restore the 
equipoise, and preserve the narmony of their movements. 

All beings are connected by mutual relations. Even among tlie 
leading types, which represent the great divisions of the animal 
kingdom, we may trace several points of resemblance, which show 
them to be parts of one general plan, and to have emanated from 
the same Great Creator of all. !ui the progress of discovery, we sn 
always meeting with species which occupy intermediate plaoes be- 
tween adjacent types, and appear as links of connection in the great 
chain of being. It often happens, that throughout an extensiYe 
series oi organic forms, the steps oi gradation by whidi one type 
passes into another are so numerous and so regidar, as to predude 
the possibility of drawing a decided line of demaikation, between 
those that properly appertain to each. All these apparent anomafies 
and gradations of structure, tend still further to demonstrate the 

generality of the plans of nature and Providence, and the oompre- 
ensiveness of the design which eml^races the whole serieB of mr 
mated beinors. 

These views are strongly corroborated, by the discoveries that are 
continually made of species now no longer in existence, but whidi, 
in former ages of the world, helped to fill up many of the chasms 
which now intemipt the continuity of that series. This knowledge 
has been revealed to us by the examination of their fossil remains, 
those monuments of former epochs, which have thrown such im- 
portant light on the most interesting questions in geology as well as 
m physiology. 

In every department of nature it cannot &il to strike us, that 
boundless variety is a characteristic and predominant feature of her 
productions. It is only when the object to be attained is dependent 
upon certain definite conditions, excluding the possibility of modifi- 
cations, that these conditions are strictiy and uniformly adhered to. 
But wherever that absolute necessity does not exist, and there is 
afforded scope for deviation, there we are certain to find introduced 
all those modifications which the occasion admits o£ Not only is 
this tendency to variety exemplified in the general appearance and 
Ana of the body, but it aibo ]9i«T»!i»m«BdbL\Bd£E«SdaaLaq[^ how- 
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Bver minute and insigiiificant that organ may seem to be. While 
tihe elements of stnicture are the same, there is presented to us in 
Bnooession every possible combination <^ organs, as if it had been 
intended to exhaust all the admissible permutations in the order of 
^keax union. Some wise purpose, though dimly perceptible to our 
imperfect understandings, is doubtless answered by this great law of 
organic formation, the law of yariely. That it is not blindly nor 
iDiSscriminately followed is apparent from its being circumscribed 
'vnthin certain limits and controlled by another law, which is that of 
conformity to a definite type. We cannot take even a cursory view 
of the host of living beings profusely spread over every portion of 
the globe, without a feeling of profound astonishment at the ineon- 
e^vable variety of forms and constructions to which animation has 
been imparted by creative onmipotence ! What can be more calcu- 
lated to excite our wonder than the diversity exhibited amid the 
endless modifications of shape by the insect tribe which still pre- 
flerve their oonHanmij to one general plan of construction i The 
number of distinct species of insects already known and described 
amount to 120,000; and every day adds to the catalogue. 

Of the comparatively large animals that live on la^ how sple n- 
did is the field of observation lying open to the naturahstl What 
ymsty is conspicuous in the tribes of quadrupeds and reptiles I and 
what endless diversity exists in their habits, pursuits, and characten. 
How extensive is the study of birds alone ! and how ingeniously, if 
we may so say, has nature interwoven in their construction all possi- 
ble variations, compatible with an adherence to the same general 
model of design, and the same ultimate reference to the capacity for 
motion through the air ! I What profusion of being is displayed in the 
wide expanse of the ocean, through which are scattered such various and 
such unknown multitudes of animals I Of fishes alone, the varieties 
as to conformation and endowments are endless. Still more curioua 
and anomalous, both in their external form and their internal struc- 
ture and economy, are the numerous orders of living beings that 
occupy the lower divisions of the animal scale ; some swimming in 
countless myriads near the surfoce ; some dwelling in the inaccessi- 
ble depths of the ocean; some attached to shells or other sotid 
structures, the productions of their own bodies, and which, in pro- 
cess of time, form, by their accumulation, enormous submarine 
mountains, rising often firom very great depths to the surfEicel 
What sublime views of the magnificence of creation have been dis- 
closed by the microscope in the world of infinite minuteness, peo- 
pled by countless mmtitudes of atomic beings, which animate 
idmost every fluid in nature ! Of these a vast variety of spedes 
has been discovered, each animalcule being provided with appro- 
priate organs, endowed with spontaneous poweia of motiiau^ ood 
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giving imeqmvocal ngns of individual vitality I The recent obeervi- 
tions of Professor Ehrenberg have brought to light the existence of 
monads, which are not larger than the 24,000th part of an inch in 
length, and which are so thickly crowded in the fluid as to leave 
intervals not greater than their own diameter. Hence he has made 
the computation that each cubic line, which is nearly the bulk of a 
single drop, contains 500,000,000 of these monads ; which almoet 
equals that of all the human beings on the sur&ce of the earth. 
Thus, if we review every region of the globe, from the scorching 
sands of the equator to the icy reahns of the Poles, or from the 
lofty sununits of the mountains to the dark abysses of ocean ; if 
we penetrate into the shades of the forest, or into the caverns and 
secret recesses of the earth, — ^nay, if we take up the minutest po^ 
ti<m of stagnant water, we will meet with life in some new and 
unexpected form, yet ever adapted to the drcumstances of its situa- 
tion. Wherever Hfe can be sustained, life is produced. Eveiy 
element, every clime, is fllled with sensitive beings, and scenes of 
wonder and enchantment are displayed in endless variety, inscruta- 
ble complexity, and perpetual mutation. 

Our attrition, when called to the study of nature, is solicited to a 
TBst multipUdty of olgects, curious and intricate in ^eir mechanism, 
exhibiting peculiar movements, actuated by new and unknown 
powers, and gifted with high and refined endowments. In place of 
the simple combinations of elements, and the simple properties of 
mineral bodies, all organic structures, even the most minute, present 
exceedingly complicated arrangements, and a prolonged succession 
of phenomena, so varied, and so anomalous, as to be utteriy irre- 
ducible to the known laws which ffovem inanimate matter. The 
more we extend our knowledge of me operations of creative power, 
as manifested in the structure and economy of organized beings, the 
better we are qualified to appreciate the intentions with which the 
several arrangements and constructions have been devised, the art 
with which they have been accomplished, and the grand compre- 
hensive plan of which they form a part. 

Beginning with zoophytes, the lowest of the animal creation, as a 
natural and progressive step from the vegetable kingdom, to which 
the preceding division has been devoted, we will take a hasty sinrey 
ci the ascending links in the chain of animals, imtil we reach the 
highest grade. 



§ in. — ^POEIFEEA, OR SPONOBS. 

Among zoophytes, (zoo-phyta, animal-plants,) the lowest station in 
ibe Male of oiganizatioiiL k oceapi^ by th^ tnibea of port/era^ or 
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moogeMf wUch name wm giren by Dr. Grant, to lihe animab 
rorm the various spedes of sponge, and which are met with in mul- 
titades, on every rocky shore of the ocean, from Greenland to Aua- 
tralia. Sponges grow to a large size near the tropics, and are more 
diminutive and finer as we approach the Poles. They are met with 
equally, in places covered by the sea perpetually, and in those 
which are left dry. They adhere to the surface of rocks, and other 
marine animals, to which they are so firmly attached, that they can- 
not he removed without lacerating and injuring their bodies. So 
th^ are like some plants, of a parasite nature. 

They flourish best in cavities of rocks, but come to maturity even 
in spots exposed to the unbroken fury of the surge. They line with 
a variegated and downy fleece, the walls of submarine caverns, or 
hang, in Hving stalactites, from the roofs. In their general appear- 
ance, they resemble vegetables ; but in their organization, they dififer 
entirely from every vegetable production, being composed of soft 
flesh, intermixed with a tissue of fibres, some of which are soUd, 
others tubular. The substance of which this soHd portion or basis 
is formed, is partly composed of horn, parUy of siliceous or calcare- 
ous matter. It has been termed the axis of the zoophyte ; and as it 
supports the softer substance of the animal, it performs the office of 
skeleton, giving form and protection to the entire fabric. 

The materi«d of which the fleshy substance is composed, is of so 
tender and gelatinous a nature, that the slightest pressure is sufficient 
to tear it asunder, and allow the fluid parts to escape, and the 
whole soon melts away into a thin, oily liquid. When examined 
with the microscope, the soft flesh is seen to contain a great number 
of minute grains disseminated through a transparent jelly. There 
is a constant current of hquid matter pouring out from the circular 
cavities under the sur&ce of the sea, which throws off a quantity of 
dark matter, and the circular apertures in the sponge are intended 
to discharge this current, which only ceases when the animal dies. 

Some species of sponge have a kind of skeleton composed of a 
tissue of needle-shaped crystals, of carbonate of lime, or of silica. 
The animal moves forward by means of vibrations in the water. 

The young sponges, as soon as they leave the parent, attach them- 
selves to the sides or bottoms of vessels, and some are seen spread 
out like a thin, circular membrane on the surface of the wat«r. 
They advance by means of cilia, or short filaments, which are in 
constant and rapid vibration, and are spread over two thirds of the 
sur&ce of the body. 

The sponge has a consciousness of feeling, for on striking against 
any obstade, they stop their cilia or oars, which are minute and 
transparent, wheel round the spot for a few seconds, aiid then renew- 
ing tne vibrations, proceed in their course. And this distinguishes 
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tbem from every kind of vegetable. Urns has a power of sp(mtme- 
ous motion been given to the lowest order of tae animal cKtSkuL 
Many species which abound in the Red Sea and Indian Ocean, have 
been transported by the equinoctial current from the eastern waten 
to corresponding latitudes in the New World. 



§ rV. — ^POLYPIFEBA. 

The next grade of zoophytes are the polypes, {poly-pouSy many- 
footed.) The transition from the structure of the sponge to that of 
the polypus, may be thus described : — suppose the absorbhig celk, 
or orifices of the sponge, to be enlarged, and thdr number reduced, 
and let these orifices be drawn out into tubes, and provided with | 
vibratory dlia ; in addition to which, let there be placed around their 
margin a circular row of larger filaments, extremely flexible, and 
capable of twining round any object that comes within their reach, 
and of conveying it to the central orifice, which performs the office 
of mouth. Each tube thus furnished with a drcle of radiating fila- 
ments, called tentacular or tentides, is called a polype. The entire 
animal mass composed of an a^regation of these polypes, is called I 
Vk polypus. It is also called lobularia. 

Polypi form a very extensive order of zoophytes, abounding in 
every part of the ocean, but growing in the greatest luxuriance in 
the tropical regions, and near the equator. Their flesh exhibits the 
lame granular appearance as that of the sponge, but it isgenerally 
firmer, and often intermingled witli calcareous matter. Tne tenta- 
eula, which may be compared to arms, vary in length and number,' 
in different species of polypi, and instead of a single row, each of 
the mouths has two or more series of tentacula placed around it 
They are formed of a prolongation of the soft substance of the 
polypi, and are sometimes tubular, and their cavities are then con- 
tinuous with that of the general internal cavity into which the 
mouths open. Besides being flexible in every direction, the tenta- 
cula or arms, are also capable of being lengthened or shortened at 
the pleasure of the animal. Their elongation is effected by the pro- 
pulsion of a fluid into their interior, derived from the general cavity 
of the body, and their retraction by the return of the same fluid. 
The whole arrangement of the tentacula on the mai^in of the pro- 
jecting mouths, bears a resemblance to a flower, especially to the 
China aster. 

In the construction of zoophytes the Creator seems still to keep in 
view the models of vegetable forms, the characters of whidi, wnen 
He is effecting the transition from one kingdom to another. He con- 
tinueB to impress on His productions. Ail zooj^ytes^ boUi in oat- 
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ward hmt and internal construction of organs, presenre the ^^rnetr 
lical arrangement round a common centre, generally exhibited in 
flowers ; and the affinities which these lower departments of the 
animal kingdom retain with plants, are more marked, and more pre- 
dominant, as the organs of zoophytes are more developed. Hence, 
the star-like £3rm3, and the name of radiate. 

Polypi are generdly attached to a homy base, or a calcareous one 
in the form of a shell, which, in shape, admits of infinite variety. 
Sometimes this shell constitutes the external surface of the animal, 
and encloses the flesh in a general sheath, with openings to let out 
the ends of the tentacula ; at others, these tubes are joined like 
branches of a tree ; and sometimes like pipes in an organ. The 
material composing the axis to which the polypes are attached, is 
various, — sometimes homy, flexible, and elastic, corresponding to 
animal membrane; at other times they are composed of car- 
bcmate of lime, and phosphate of lime. In all cases the particles 
of calcareous matter are united together by some portion of animal 
substance, which may be obtained by dissolving out the former by 
an acid. Sometimes the stem consists of homy pieces, formed into 
jointed structure, which is the case with isis hippuris, or jointed coraL 
The stractures are generally attached to submarine rocks, by an ex- 
pansion of the base into a kind of foot, or root, which has strong 
power of adhesion. In this respect, these animals preserve an analogy 
with plants. 

It has been discovered, that these fixed zoophytes are multiplied 
like the sponge, by the detachment of gemmules, or imperfectly 
formed portions of their soft substance, which undergo a metamor- 
phosis, to bring them to a perfect state ; and the moment they are 
detached, they exhibit a singular spontaneous motion, swimming m va- 
rious directions, by the rapid vibrations of their dlia, till they find a 
place fevorable for their growth. On becoming fixed, they spread 
out to form a base, and then shoot upwards, depositing a calcareous, 
or hcMny axis, in successive layers, till it has acquired the reqmsite 
thickness, and then gradually assume the forms of the species to 
which they belong. The materials thus deposited are permanent 
Btrad^ures, not capable of removal, and devoid of vital properties ; 
hr these properties belong exclusively to the animated flesh with 
which they are associated. The polypes attached to these structures 
are not developed till after the formation of the root and stem ; their 
growth being mus analc^ous to that of the leaves and flowers of plants. 
The gemmules float or swim for a few days after they leave the pa- 
rent cells, and then in some still water fix themselves ; and in a short 
time the cilia disappear, and bundles of fibres appear, which connect 
the head of the polype, and the moment it protrudes firom its cell, it 
18 an'aduJt polype^ and vibrates the ca^ oi \\& \£SD\Ad<^^ ^xififis 
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inth as much velocity as at anj future period. The tentaeola of 
polypi are exquisitely sensitive, and are often seen like long, slender 
feelers of a spider, either singly or together, bending their extremities 
towards the mouth, when any minute floating body comes in contact 
V. di them. Each polype has 22 tentacles, or arms, and about 50 | 
cilia on each side of a tentacle, — ^making 2,200 cilia, or arms, on each ' 
polype. The cilia seem to depend in their motion, (which is too 
rapid for the finest microscope to detect,) upon some unknown physi- 
cal cause connected with the life of the animaL 

A question arises with regard to the constitution of these zoophytes^ 
viz., whether the whole mass, which appears to grow from one root> 
and consists of multitudes of branches, proceedii^ from a common 
stem, is to be considered as one individusd animal, or an aggregation 
of smaller individual animals, each individual being characterized by 
having a single mouth, with its accompanying tentacula ; and yet the 
whole animated by a common principle of life and growth ? Natu- 
ralists generally decide on the latter, regarding each portion provided 
with distinct tentacula, as a separate animal. 

Immense numbers of these curious animsds are found in every part 
of the ocean. The pennatula, or sea-pen, which resembles a qoiU 
in form and structure, is of this description. It swims through the 
water by its own spontaneous movements, according to Cuvier ; but 
Dr. Grant thinks they only obey the impulse of the currents. It is 
only when the contractile flesh of the polypus is released from the 
restraint which the solid axis imposes on its movements, that the ani- 
mal becomes capable of any distinct power of locomotion. Such is 
the condition of the genus hydra, of which the hydra viridis, or fresh 
water polype, is the type. 

This singular animal presents us with apparently the simplest 
structure that exists in the animal kingdom. The hydra appears to 
consist of nothing but a fleshy tube, open at both ends, one of which 
being more dilated, may be regarded as the head, and has for a 
mouth the aperture of the tube, furnished round the margin with a 
single row of tentacles. These tentacula are surrounded with very 
minute cilia, which are incessantly in moticHi, independent of the 
animal's will. This motion causes a current, which brings minute 
particles of matter within the mouth. The tentacles can be elon- 
gated to a great length, or retracted and bent in every direction so as 
to grasp any small object that it finds. The body tapers to a small 
point, where it flattea<^ and becomes the pedicle ; and it is by this 
that the animal attaches itself to the bottoms or sides of vessels in 
which it is kept It walks by putting down the foot first, and then 
the head, holding on to one or the other. Tbey are generally found 
attached to aquatb plants, and feed on insects. When alarmed, it 
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Bhrinks into a small globule, ahnoet imperceptible. Its substanoe 
consists of gelatinous matter, filled with grains. 

Before we leave the subject of polypi, we shall speak of the coral, 
which is so familiar as an ornament, both red and white, to the 
common observer. It is a species of polypus, which exhibits the 
dosest resemblance to the branched forms of v^etable stems. The 
flesh of this contains granules of calcareous matter, which, in the dried 
specimens, adhere to the sur&ce of the stems. The animal is im- 
l^ded in the centre in a tube, and its tentacles are annexed to the 
branches of the tree or plant 

There are three great seas of coral on the globe. First, that part 
of the Pacific Ocean where flat islands appear, such as the Friendly 
Isles, New Caledonia, Solomon Isles, &;c It is there, between the 
different parts of the oceanic division of the world, that the mariner 
is in danger of striking against rocks of coral, shooting up from a 
considerable depth. The second region extends fix>m the coast of 
Malabar, to that of Madagascar, and Zanguebar. The Mediterranean 
forms the third region ; and the valuable coral which it fumishesi 
and which is in great demand, from Africa to Japan, essentially difien 
from the coarse substances of which the islands in the southern sea 
are composed. The coral polypes commence building 20 or 30 feet 
below water, and build until they are above low-water mark, where 
they generally perish. The sea now washes upon the coral structure, 
fragments of rock, drift-wood, Ac, until a soil is formed, on which 
vegetation gradually appears. Some kinds of coral polypes are sup- 
posed to b^in building 100 feet below the sur&ce. They always 
commence on the tops of submarine mountains, and sometimes round 
the submarine crater of a volcano. In the latter case, the structure 
xises from the water in the form of a circle, enclosing a lake, and 
forming what is called an atoll, or lagoon island. Coral structmrea 
are sometimes elevated by volcanic action, and sometimes covered 
over with lava. "Hie whole class is confined to the seas of warm 
countries ; and the species found in any locality depends partiy on 
the temperature, and partly on the state of the water. 



§ V. — ^Infusoria. 

The infrisoiy animalcules were so named by Muller, a Danish natr 
uralist, from the circumstance of their swarming in all inftisions of 
vegetable or animal matter that is kept too long to be wholesome.* 
They are far too minute to be seen except through a microscope, 

* We are aware that the infusoria belong to eeveral classes, some of them 
heam^ in reality Gmstaceans; hut in a work like the present, it is unneoesBary 
ioaSer the usual clasmikaition of animals so very nmmte. 
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We know so liUk of Hiem, that it k difiScult to AWffQ them tlMir 
true place in the scale of animals ; bnt thej are considared bjr nalii- 
nUsts, to exhibit the simplest of all possible conditions to whidi ani- 
mal life can be reduced. The monads are the moat dinunntiye ci 
tUs tribe, and their presence can be detected only by the ai 
of the highest magnifying powers. It has been established as a &ei 
by £hrem)erg, that they possess internal caviticB for the reoeptkn 
and digestion of food, and that their (»ganization is equally complex 
with that of the larger species of infiuoria, such as the rotifera, m 
which he has discovered traces of a muscular, a nervous, and a vas- 
eolar system. Some are covered with a siliceous case ; and the re- 
mains of these sometimes constitute whole mountains, although they 
were so small that it would take 40,000,000,000 to form one cam 
inch. They are of various shapes and forms. The proteus kob 
like a mass of soft jelly, highly nritable and contractile, at one time 
ahrunk into a ball, at others, stretched out like a ribbon, and some- 
times taking the form of a star. The rotifera, or wheel animalcoks, 
are so named from their being provided with an apparatus for crea- 
ting a perpetual eddy or circular current in the surrounding fluid. 
They are two in number on the head, but do not surroimd the mouth 
as IS the case with other polypes. They consist of circular disb, 
with rows of cilia resembhng a crown wheel, which perpetually 
revolves. 



§ VI. — yLsDVBJR AND ACTINIA. 

Floating masses of living gelatinous matter are met with in every 
part of the ocean, often in vast numbers, and of various forms, and 
naving little appearance of belonging to the animal kingdom. The 
medtim is the prevailing type of this family. They appear to be 
raised but a single step above the polypi, and in point of activity 
rank among the lowest of the zoophytes that are not stationaiy. 
They are wholly passive beings, floating on the sur&oe of the sea, 
remaining at a small depth below, and carried to and fix) by every 
current, being the prey of innumerable tribes of animals that people 
the ocean. The usual form of the medusa is that of a hemisphere, 
with a marginal membrane, like the fold of a mantle, extending 
loosely downwards firom the circumference, and with a central pedi- 
de, like the stalk of a mushroom, and terminating in several firinged 
laminie, or tentacles. It might almost be called sea-mushroom. 
The whole substance of the body is semi-transparent and gelati- 
nous, possessing great elasticity, and some contractile power. The 
animal flaps the fringed pedestal, and opens and shuts the margin 
of its hemisphere, like a parasol They descend in the water uj 
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oontracAiiig themsdyes. The larger kind abound in the seas around 
England; and the smafler ones, in eveiy ocean in the world. One 
cubic foot of water was found, by Mr. Scoresby, to contain 100,000 
of them. Some have been found with traces of a nervous system, 
and of simple organs of vision. 

The Physalia, or Portuguese man-of-war, is Aimished with a 
large air bladder, of an oval shape, on the upper part of the body; 
and with a membrane of a beautiful purple color, which serves as a 
saiL These zoophytes are met with in great numbers in the Atlan- 
tic Ocean, and most espedaUy in its warmest r^ons and at a gpreat 
distance from land. In calm weather, they fi<^t on the sur&ce of 
the sea, rearing their purple crests, at first looking like large air 
bubbles, but distinguished by the vivid hues of the tentacles which 
hang down benealh them. Nothing can exceed the beauty of the 
spectacle presented by a large fleet of these animals quietly sailing 
in the tropical seas. Whenever the sur&ce is ruffled by the slight- 
est wind, they suddenly absorb the air from their vesicles, and uius 
becoming specifically heavier than the water, instantly dive into the 
depths of ocean. 

The actinia are a tribe of zoophytes, which are included among 
the polypi, and are the most highly organized of that class. When 
their tentacles, which surround the mouth, and are very numerous, 
are fully expanded, these animals strikingly resemble many flowers, 
and have been called sea-sunflower, sea-marigold, and sea-carna- 
tion. Actinia are seen in great numbers on many shores, adhering 
by their flat surfaces to the rocks, and being permanent in their 
abode. When the weather is fine and the sea calm, it is very 
amusing to watch the rapid expansions and retractions of thdr many- 
colored tentacles, while they are seeking food, — ^the quickness with 
which they seize their prey when they find it ; and to notice the 
suddenness with which tney collapse in a round contracted mass on 
receiving the slightest injury. They are capable of seeking another 
' abode by a slow, progressive motion. 

g Vn. — ^ECHIKODERMATA. 

The next in the scale is the echinodermata, which include the 
star-fish. These animals retain the radiated character of zoophjrtes. 
The asterias, or star-fish, so named from its star-like form, with ^\q 
pdnts, is one of the above. It is covered with a tough coriaceous 
coating, fiill of grains. This integument is irritable, and changes its 
form. The grains are calcareous, and project from the body like 
prickles. The mouth of the animal opens at the centre of the 
under mde. These calcareous masses nave \ cc^f^aUm^ taetn^s^ 
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ment. Each point of the star contains 804 tabes, which temunate 
on the inside of the body, in a reservoir or bag of fluid, whidi con- 
tracts and propels the foot, — ^that acts as a means of progressive 
motion, or ratner creeping. Besides this, the asterias is capable of 
bending and unbending each point 

The skeleton of the echinus^ or sea-urchin, has a spheroidal form, 
like the orange. The calcareous material composing it oonnstB of 
hexagonal plates, curiously fitted or dovetailed together ; the whde 
arranged hke a mosaic or tessellated pavement, and forming a very 
beautiful piece of mechanism. It is covered with calcareous tuber- 
cles, arranged with beautiful regularity of synunetry, passing like 
meridian circles from the upper to the lower poles of the sphere. 

The crinoidea, or hly-shaped tribe, consist chiefly in the addition 
of a jointed stalk, which proceeds downwards from the centre, and 
the branches are carried up and folded inwards. It resembles lilia- 
ceous plants. Only two species of this animal are known in a living 
state : but many are found fossil. 

All llie species of animals hitherto considered are aquatic, or live 
in the water exclusively. 

§ VnL ^MOLLUSKS. 

The moUusks (from mollis^ soft) in general constitute an assem- 
blage of beings which was recognized as constituting one of the pri- 
mary divisions of the animal kingdom by Cuvier. A vast multitude 
of species, possessing many remarkgible physiological characters, are 
comprehended in this class. In all, there is a body of soft consist- 
ence, which is enclosed more or less completely in a muscular en- 
velope called the mantle, composed of fibres that are contractile, 
interwoven with the soft and elastic integument. Openings are left 
in this mantle for the admission of the external fluid to tibe mouth 
and the respiratory organs ; and also for the occasional protrusion of 
the head and foot, when these organs exist. Many of the aquatic 
species are protected by a heavy shell. The oyster, the muscle, and 
the limpet, belong to this class ; and are so stationary that they 
adhere to rocks at the bottom of the ocean, and depend for nourish- 
ment upon food brought them by the currents and waves. MoUusks 
are divided into three classes — acephalanSj cephalopodsy and sfcu- 
teropods, 

§ IX. ^ACEPHALANS. 

This class includes a large number of mollusks, which are destitute 
of a head, (whence the name — acepludoy headless,) and have the 
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mantle elongated to fonn tubes of much length, to conduct water 
into the interior ci the body. One well-known subdivision of the 
aoephalans are the lamelliobranchiates, or bivalve shell-fishes, such 
Bs the oyster, muscle, and cockle. The oyster has the power of loco- 
motion, which is eflFected by suddenly closing its shell, and thereby 
expelling the water with force, which, by the reaction of the fluid in 
the opposite direction, gives a sensible impulse to the mass. Oys- 
ters attached to rocks which are occasionally left dry by the retreat of 
the tide, always retain within their shells a suflBdent quantity of 
water for respiration, (as this is the element in which they breathe,) 
and then keep their valves closed till the tide returns ; whereas those 
oysters taken from the depths of the ocean, and exposed to these 
vicissitudes, improvidently open their shells, and by allowing the 
water to escape, soon pensh. The young oysters rove about in the 
water till they attain their growth, when they fasten themselves to a 
rock and become stationary. The pearl oyster comes to perfection 
only in the tropical seas. 

Many bivalve mollusks are provided with an instrument shaped 
like a leg and a foot, which aids their motion ; it is constructed much 
like the human tongue. That of the eatable muscle can advance 
two inches, and is then applied to some object. The pinna marina, 
or marine muscle, when inhabiting the shores of tempestuous seas, 
is furnished with a curious apparatus for withstanding the fury of 
the surge. It prepares a great number of threads, which are fast- 
ened to the adjacent rocks, and then tightly drawn by the animal, 
jost as a ship is moored in a harbor to resist the buffetings of the 
storm. These threads are composed of glutinous matter, prepared 
by a particular organ, and cast in a mould, where they harden and 
acquire consistence before they are used. The glutinous secretion is 
poured into a groove, or canal, in the foot, and when ready, is thrust 
out on the foot and apphed to the object. Thread after thread is 
thus formed and thrown out all around the shell, on which the ani- 
mal swiMs itself round to try their strength, first one and then an- 
other. When once they are fixed, being strong and glutinous, the 
animal has not the power of breaking them. Reaumur, who dis- 
covered these interesting fiicts, saw them practising this faculty when 
the shells were not larger than a millet-seed. In Sicily, and other 
parts of the Mediterranean, these threads have been made into gloves, 
and other articles, which, when manufactured, resemble silk. The 
shell is of a very brittle texture. 

The tellina is remarkable for the quickness and agility with which 
it can spring to considerable distances, by folding the foot into a 
^majl] compass, and then extending it, while the shell is at the same 
tone closed with a loud snap. 
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§ X. — Gkphalopods. 

Hus class have a head, which is sitaated between the body and the 
feet, whence the name — cephalopoda^ head-footed. They are higher 
in the scale of organization, and have a wider range of facaltieB than 
the accphalans. To this class belong the loligo, sepia, ink or catde- 
fish, which is furnished with tentacles so powerml that while their 
muscular fibres are contracted, it is easier to tear away the substance 
of the limb than to release it from the grip of the tentacles. These 
are always in the head, and assist the animal in swimming. The 
head is always downward, and the body upward, so that it walb 
through the water on its head. The tentacles are long, slender, and 
flexible, contractile in every port, and capable of being moved oc 
twisted in every direction, with extraordinary quickness, and predsioD. 
They twine round an object of any shape, and grasp it with prodigioua 
ferce, which renders them very formidable. 

In addition to these properties, they derive a remarkable power 
of adhesbn to the sur^ices of bodies, from their being furnished with 
numerous suckers all along their inner sides. Each of these is sup- 
ported on a narrow pedicle, and strengthened by a cartilaginous ring, 
resembling an ancient boss, or shield-knob, composed of a great 
number of long pieces, in the form of converging radii, with an 
aperture in the centre. It has also two long fins ; and is further 
provided with a peculiar internal weapon, or mode of defence, con- 
sisting of a bladder-shaped sac, near the tail, which contains a black 
and viscid ink, which, when pursued by its enemies, it ejects, and 
thus at once darkens and renders nauseous the wat^ around it^ so 
that it is effectually concealed. It is a dense fluid, about the consist- 
ence of pap, suspended in the cells of a thin net-work that pervades 
the intenor of the ink-bag. This ink is called sepia, and is used by 
artists in painting landscapes, etc It was used in ancient times 
instead of ink. 

Another remarkable animal of this class is the nautilus, which in- 
habits a spiral-chambered shell. That of the argonaut, or p£^r nau- 
tilus, is exceedingly thin, and almost pellucid, probably for the sake of 
lightness, being intended to serve the purpose of a boat To enable 
the animal to avail itself of the impulse of air, while thus floating on 
the water, nature has furnished it with a thin membrane, attached to 
two of the tentacles, so that it can be spread out, hke a sail, to catch 
the light winds, which waft the animai forward.* While it is sail- 
ing, the little navigator plies its tentacles as oars, on each side, to di- 
^rect, as well as hasten its progress. No sooner does the breeze 

* « Learn of the little nautilus to sail, 

Spread the thin oar and catch the driving gale." 
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firoBheiiy aiid the tea become raffled, than the aninud haateni io take 
down its sail, and quickly withdrawing its tentacles within its shell, 
renders itself specifically heavier than the water, and instantly sinks 
to more tranquil regions, below the surface. 

The common nautilus inhabits a polythalamons, or many-cham- 
bered shell ; and it has a simikr sailing apparatus. The animal, at 
certain periods of its growth, finding itself cramped in the narrow 
path, draws up t^e mantle, and leaves a vacant space. The surfiMse 
of the mantle, which has receded, begins cUrectly to secrete calcareous 
matter, which is deposited ia the form of a partition, across the area 
of the cavity. As the animal grows, the same expedient occurs. 
Tliis process is repeated at regular intervals, and produces the multi- 
tude of chambers contained m polythalamons shells, of which the 
livii^ animal occupies only the largest, or that which continues open* 
Hie tube which forms the foundation of this shell, is called syphon. 

All these tribes, and indeed, the greatest number of all mollusks, 
are limited, by the constitution of meir system, to an aquatic exist- 
ence. 



§ XL — Gastebopods — ^Fobmatiok or Shklls. 

Tliis class is furnished with a muscular prdection firom the stomach, 
which enables them to oreep ; and hence, the name, giutero-podof^' 
stomach-footed. The mollusks which inhabit univalve, (HT turbinated 
shells, belong to this order. The projection just mentioned, which 
performs the office <^ feet, is a broad expansion oi a fleshy substance^ 
occupying nearly the whole under surfiioe of the animal, and forming 
a flat disk, capable of being applied to the plane along which it 
moyes. The snail is the most striking example. A mucilaginous 
secretion exudes from the disk, and increases its power of adhesion. 
In the patella, or limpet, this adhesion is greatly fiivored by the coni- 
cal £onn of the shell, which, having a circular base, enables the mus- 
cles of the disk, by their efibrts to create a vacuum imdemeath it, to 
command the whole hydrostatic pressure of the water, as well as the 
atmosphere above. Tubular tentacles, which the animal thrusts out, 
act as feelers. 

The formation of shells was discovered, by Reaumur, to be efifected 
by the successive additions made to the surfiu^e ; andi, that the mar 
terials constituting each layer, are furnished by an organized, fleshy 
substance, which is called the mantle, or skin. The (^careous mat- 
ter which exudes from the mantle, is at first fluid and glutinous, 
but soon hardens into the dense substance of the shell This is com- 
posed chiefly of carbonate of lime, which is either a^utinated by a 
uqnid animal cement, into a dense sabetaQj^iQa^ii^i^YSt^ifSia^ 



or deposited in a bed of membranous texfcore, having the properties 
<^ a solid and elastic plate. 

This explains the laminated structure possessed by the oyster, and 
many others, the layers of which are put together like the ccnnpo- 
nent leaves of a sheet of pasteboard. The connection between tibe 
animal and the shell is merely mechanical, after it is formed. 

The natural arrangement of shell-fishes is often subverted by y6b- 
sels, transporting them from one part of the worid to another. It is in 
tiiis way tnat the waters of Holland have been peopled by the teredo 
navalis, which is so destructive to vessels. 

The calcareous secretion of zoophytes is a rock, or stone, the mo- 
ment the animal dies. But the calcareous secretion of testaceoai 
mullusks forms rock only when decomposing. The structure of corab 
and madrepores is gramed, or granidated ; while that of shells ii 
lamellated, or stratified. 



§ XTT. — ^Articulates — ^Wobms. 

M. Agassiz divides this group into three classes,— tm>rm«, irueett, 
and crustaceans. The group is distinguished by having the body 
symmetrical : there is no difference between the right and left side, 
as is common among the moUusks ; and the radiated structure of the 
soophyt^ entirely disappears. 

Worms are composed chiefly of a great number of softish rings, 
forming a cylinder. They are simplest in structure, and least inter- 
esting of the group ; and therefore, they offer little to detain us, in a 
cursory survey like the present, although hardly any class of an- 
imals offers a greater variety of structure. The Jielmins, or intestinal 
worm, for instance, contains no heart, no blood-vessel, or even blood, 
while other worms contain three pairs of hearts, very complicated 
blood-vessels, and blood of the most ruddy color. The helmins is 
frequently found in such situations, that it has been generally thought 
it originated where it was found, by spontaneous generation : but re- 
cent researches have shown, that this opinion is erroneous. Most in- 
testinal worms are produced from eggs, swallowed with the food ; and 
in some cases, they bore through the flesh of the aninud, within 
which they are found, until they reach the place where they fix them- 
selves. All the larger animals, from the shell-fishes up to the ele- 
phant and the whale, are apt to be troubled vdth these parasites. 

Worms are by no means so unimportant as they at first sight ap- 
pear : thus, the lumbrictis, or earth-worm, fertilizes the soil, by con- 
verting partially decayed organic matter into a substance capable of 
hmg dissolved in water, and uoonabsD^ ^\a9CL\a. Tbft ms^gMal value 



cLes is well known ; and the depletion such ftTiimftlj^ produoe, 
dr natural situations, is often the rererse of injurious. 



§ XnL — ^Insects. 

is class contains more species than are found in all the animal 
om besides. They are distinguished by the absence of a heart, 
ossession of antennce, or feelers, and of a complex ramification 
-tubes, which permeates the whole body, and wbereby the blood 
srialized. These generally communicate with the external air 
ws of orifices along the sides. Insects are generally furnished 
more organs than the animals previously considered, and are 
L for the variety and rapidity of their motions. Some live in 
rater during their whole lives ; others, like the mosquito, spend 
the first term of their existence in the water, 
e most striking peculiarity of insects is the changes they un- 
i during their growth. They are all at first in the form of worms, 
they are termed larvce, or caterpillars. In passing from this 
they Ue inactive for some time, without taking any food, en- 
i in a transparent covering, which is often lustrous, whence an 
; in this state is called a chr3rsalis, or aurelia, (from chrysos and 
m, both meaning gold.) From this state they pass into that of 
erfect insect Most insects live on vegetable food ; but some are 
vorous ; and others are at first carnivorous, and afterwards phy- 
>iis, or plant-eating. 

le strength of insects, compared with their size, is frequently as- 
king : &US, the Iticanus cervus, or stag beetle, has been known 
lEW a hole, one inch in diameter, in the side of an iron canister, 
lich it had been confined ; and the geotrupes stercorarius, or 
l-bom beetie, can raise a weight 500 times heavier than its own 
• 

18 in the midst ci the most exuberant vegetation, — ^in the torrid 
lor example, that the strongest and most splendid insects are 
Buch as the butterflies of Amca, the East Indies, and America, 
e brilliant colors rival the lustre of metals. There, and particu- 
in South America, the forests, peopled with millions of glow- 
la, look like an immense conflagration. The termes of Africa, 
id also, the white ant, builds soUd hillocks ; and the spider of 
oa, attacks even birds with success. The limulus gigas^ the 
st of all aquatic insects, is also an inhabitant of the equatorial 
ns, as its usual name, — crab of the Moluccas, — ^indicates, 
irtain kinds of insects, such as gnats, bees, ants, and flies, appear 
3 equally distributed over the whole globe. The short polar 
oer h^bches a multitude as innumerable as the 1ieat& q»£ ^<^ ^cs^- 
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rid sone. Hie moBqmto which torments the travdler on the banb 
of the Orinoco, is the same as that which buzzes in Lapland. 
Wherever man has not drsuned the marshes, and cleared the forests, 
insects reign with resistless sway. History has recorded several ex- 
amples of towns and countries being rendered uninhabitable by the 
multitude of bees and wasps, or gnats. Armies and whole tribes 
have been forced to fly before these feeble insects, invincible by tlieir 
numbers. The ravages ci the locust in the East have been veiy ik- 
miliar to the inhabitants from the earhest times, and are fireqaenti^ 
alluded to in the Bible. They frequently desolate whole provinoea, 
devouring everjrthing green : but the inhabitants retaliate by gaJ^bet- 
ing them and laying them up for food. The locust is one oi the 
few insects permitted to be eaten by the Mosaic law. (See Leviti- 
cus xi. 22.) 

Insects offer so much that is interesting to our observatiiHi, that 
rather than dwell further on the subject^ we refer our readers to 
Kirby and Spence's JSntomologt/, a, work which will gratify thai 
curiosity regarding the structure, pdities, architecture, tramfonoatioiis, i 
stratagems, wars, and affections, of this remarkable class of animak I 

§ XrV. — Crustaceans, 

This is the highest class of all invertebrate animals. Hiey are 
covered with a hard crust composed of several jointed pieces, whence 
their name, and are furnished with a complete drculatory apparatus, 
including a heart, blood-vessels, and branchiae, or gills, which an- 
swer the same purpose as the lungs of the higher animals. The lob- 
ster, crab, shrimp, and horse-shoe, are the b^t known specimens of 
this class. The power of reproduction among them, is mudi miore 
extensive than among the higher animals. Thus, we frequently see 
a lobster with one claw much smaller than the other. In this case, 
the smaller one is a second growth, which had not yet attained its 
full size, the animal having lost the original daw by s<Hne aoddent 
The eyes of the crustaceans, like those of insects, are very compli- 
cated, consisting of an immense assemblage of eyelets placed side by i 
side, so that the animal can see in any direction without moving the i 
eye, for which, indeed, there is no apparatus. Some species have as 1 
many as ten thousand of these eyelets united to form the hemisphere 
of the eye. Crustaceans are found in almost every sea, but abound j 
most in tropical and warm- regions. 
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§ XV. — ^Vertebrates — ^Fishes. 

Vertebrates are distinguished fix>m the three preceding daases of 
animals by possessing a brain, and a spinal chord, enclosed in a bony 
covering, and having the organs of vegetative life — the heart, lungs, 
and digestive apparatus — ^in a separate cavity. They are divided 
into four classes, viz. : fishes^ reptiles^ birds, and mammals. 

Fishes are distinguished by possessing branchiae, or gills, instead 
of lungs, which enable them to procure the httle oxygen they require 
frKMu the small bubbles of air always contained in ordinary water, 
whether fresh or salt It is for this reason that a iSsh preserved in 
a vase reauires to have the water changed, because, after a while, the 
oxygen of the air bubbles is all consumed. A fish may be drowned 
by placing it in water that has been well boiled, as this completely 
remove^the air. fish require comparatively httle oxygen, because 
they are cold-blooded, and are covered with water, which is a bad 
conductor of heat llie water they take in at the mouth, passes off 
through the gills, and is in the meantime brought into immediate 
proximity wi£ the blood circulating through the gills, which absorbs 
a little of the oxygen, and returns a Uttle carbonic acid. They are 
farther distinguished from the higher animals by having the nasal 
cavity, or nostrils, opening outward only, and not communicating with 
the mouth. The heart is single, consisting (^ one auricle and one 
Yentride ; and they are furnished with a covering of scales, which is 
protected from the action of the water by a slimy secretion. They 
generally propel themselves by means of the tail, and steady and 
steer their course by means of the other fins. Some fishes, however, 
are destitute of sudi appendages, and creep alon^ the bottom of the 
sea. Most fishes are carnivorous, and many hve on animalcules. 
Hie best eatable fishes, such as the salmon, cod, herring, and made- 
erel, are found in shallow water. 

Every basin of the ocean, and generally every sea, and even lake, 
has its particular tribes, which are bom and die there, without trans- 
ZDigration. We know the stations of some fishes. Thus, the cod, 
whidi fill the n(»lhem seas, between Europe and America, congre- 
gate on the great sand-banks south-east of Newfoundland, where 
they are pursued by 20,000 fishermen. Yet in spite of the destruc- 
tion attending this race, they increase with such amazing rapidity as 
to supply all deficiencies. It is calculated that one codfish could 
produce nine millions of young ones, though it is not probable that 
one tenth of that number is ever actually produced. 

The cwypheuMB and several other genera are met with only in the 
iocrid sone. There are various species of these which are called 
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^ , from difiir briUiAiit oc^ofs. TbfiT aie faand only betiween 

the tropics. They are observed both in tae AUantic Oo^m, and in 
the Indian Ocean. 

The electric fishes are chiefly confined to the torrid sone. Tlie 
electric gymnotus is confined to America ; and the trembler, or fUurw 
dectricus^ to the rivers of Afirica; bnt the torpedo, or cramp fish, ii 
dispersed over all the seas. 

The migration of fishes is occasioned by thdr being impelled to 
seek shallow water to deposit their spawn. Thus the herrings, com- 
ing from the depths of the ifrozen sea, proceed eveiyyear to the eoasts 
of Ireland, Scotland, Norway, Sweden, Denmark, Holland, and the 
United States, and to Kamschatka, and the neighboring islandk 
It has been proved that immense shoals cA these fishes follow me- 
chanically the direction of the chains of submarine banks and rocb 
which they meet with in their progress. Tunnies migrate annually 
fix)m the Atlantic to the Mediterranean. The currents of t^e ooeaa 
occasion other migrations besides the annual ones. The observatioiis 
of Biot and La Roche, by demonstrating the admirable proper^ of 
the organs of respiration in fishes, by which they can inhale the 
more oxygen the lower they descend, seem to remove all limitB to 
the migrations of species which live in the lower parts of the sea; 
and in fstct, the very same species have been found both in the Arc- 
tic and the Antarctic Ocean. As we cannot suppose they could 
stand the high temperature near the sur&ce <^ uie l3ropi<^ seas, 
during their migration, we must suppose that they passed firom one 
region to the other at a great depth.* 

The fishes of lakes and rivers are not susceptible of any accurate 
geographical classification. The kinds cyprinus and perca, or carp 
and perch, people all the rivers of the temperate zones. The stur- 
geon is found in the smaller inland seas, sudi as the Baltic, Caspian, 
and Black Seas. The larger species, common in the Volga and 
Danube, are in their turn surpassed by the silurus glania, the giant 
of river fish. The voracious pike often inhabits subterranean seas 
which communicate with the atmosphare only by small openings, 
and so do some other species. 

There are some fishes which occasionally forsake their native ^ 
ments. Eels cross meadows, and on the coast of Ooromandel, a 
kind of perch, called perca scanderus, climbs up the palm trees. 
Sonnerat observed fishes that Uved in warm springs of a very eleva- 
ted temperature. 

* live aiiii&als have been taken up firom a depth of 1000 fiithoms; and it 
18 possible that some may be found still lower. 
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§ XVI. — ^Reftiles« 



Reptiles are distingnkhed by possessing a heart with three cavities^ 
two auricles, and one ventricle, a structure intermediate between that 
of fishes and mammals. They are also cold-blooded, like £sh, and 
generally slow in their motions. Their power of digestion is ex- 
tremely slow ; hence some of them can live for years without eating. 
Their sensaticHis are obtuse ; and they all spend a part of their lives 
in a torpid state — ^in cold regions, the winter, and in hot regions, the 
dry season. The circulation through their lungs is so feeble tliat 
re8|nration can be completely suspended without arresting the general 
drcolation of the blood. Some of them, as the turtle and the alliga- 
ior, continue to live and exhibit apparently voluntary motions after 
loihig their brains ; but it is doubtflil whether the motions then per- 
fcrmed are not of a reflex or mechanical nature exclusively. Iney 
are mostly oviparous, but never hatch their eggs. 

Reptiles are divided into ^ve classes, viz. : — 1st. Rhizodonts (root- 
toothed,) those having teeth with roots, and being covered with scales, 
at the crocodile and the alligator. 2d. Saurians* or the lizard 
tribe, which have the teeth united to the jaw, without any root. To 
this class belong the common lizard and the chameleon. 3d. Ophid- 
i(m»^* or the serpent tribe, which can move the jaws sidewajrs, as 
well as up and down, whereas lizards are capable only of the latter 
motion. To this class belong numerous well-Known species, from the 
great boa-constrictor to the garter-snake. 4th. ChelonianSy* or the 
turtle tribe, including the various kinds of turtle and tortoise. These 
aie distinguished by being protected both above and below by a hard, 
bony cuirass, under which tney can draw head, legs, and tail, in times 
of danger. 5th. Batraehians* or the frog tribe, including all kinds 
of frogfi and toads. These are distinguished by having a soft, naked 
ddn, and possessing gills like fish during the early period of their 
enstence, which some species retain through life. The whole num- 
ber of species of reptiles known exceeds 1,000. 

A few reptiles are found in cold regions ; they are numerous in 
temperate climates ; but they are most abundant within the tropics, 
where most of the largest species are found. 

Of the rhizodonts, me prmdpal are the gavial of India, the croco- 
dile of Africa, the aUigator of the United States, and the cayman of 
South America. The order was much more numerous in former 
periods than it is at present. The same is true of the saurians, which 
are not only less numerous, but much smaller than those of the te- 
trazoic period. They generally have four feet, although some species 

* lliefle terms are derived from the ordinary Greek names ; — saurot^ a 
aid— ^piU4 a Mopeot— «MiM^ a tortoise — and batraclu>«, ^ %ra%. 
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hnve none, while the ophidians have no feet, except a kw speoo, 
which have rudimentary feet All the saurians have alongf thin^l ] 
fi>rkod tuni^rue, like snakes. One of the most remarkable is the j ^ 
dni^on, found in India, an animal very different from that known ii I ^ 
nurser}' talet* and herAlry. It is a lizard, supplied with two mem- 
br:ine^ running; from its fore to its hind legs, something like thewingi 
of :i Kit. Tlii*st^ do not enable it to fij, but only assist it in le^ing 
fn.>in bouirh to bough, in pursuit of insects. It is as hannlesB utM 
common lizard. One of the largest of the order is the iguana of 
South America, which is about five feet long. It is exdnsiTely btf* 
bivorous, and reckoned veiy fine eating. 

It is a common opinion that all the serpent tribe are pcmoDOOS, 
where»« in reality hardly one fifth of the various species, and none d 
the largest, are so. Those which are poisonous have movable hoUoff 
teeth, uniting with the sac containing the poison, which is injected 
into the wound through the tube in the tooth. The most remaikft* 
bio of poi:H>nous snakes, are the asp of ^^pt, the hooded snake of I 
India, and the copper and rattle snakes of America. There are ser- 
eral species of sea-serpents, which Uve exclusively in salt water, and 
arc all poisonous. Some serpents Uve chiefly in trees ; these an 
found within the tropics, and chiefly in South America. The boa* 
constrictor of that country is the hurgest of all the ophidians, being 
found thirty feet long. It is capable of swallo^ving whole the caicvi 
of a horse or cow. The largest snakes of the Old World are the 
pythons of Asia and Africa, the largest of which is twenty feet long* 
These are sometimes called boas ; but they are different from & 
American boas. When these large species have swallowed a carcasB, 
they arc very slothful, and slow in tneir motions, so that they are 
killed without danger or difficulty. 

The chelonians are confined to temperate and warm regions, the 
larger to the latter exclusively. Europe contains only a few of the 
smaller kinds. They abound in Africa, Malaysia, the United States, 
and South America. Some live on land exclusively, and some are 
amphibious. Some large species are found in the West Indies ; and 
the largest of all the order, is tho turtle of the Galapagos, which 
sometimes weighs upwards of 500 lbs. 

llie biitrachians are noted for undergoing a metamorphosis, similar 
to that of insects. When first hatched, they have the appearanoei 
and lead the life of fishes, breathing only water. After a while, legs 
are seen protruding from their sides ; the gills and tail become atro- 
phied and disappear, although in some species they continue during 
life, and no legs appear. In every case, however, ttiey emerge from 
the water, and henceforth chiefly breathe air. In their first condition, 
they are known as tadpoles^ termed in some parts porwiggUs or 
pMiwogs. 
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The batracliians are most abundant in America, and least so m 
£arope. In Polynesia, none have ever been discovered. The largest 
of the order is the bu/o agua^ or Brazilian toad, which is about a 
foot long. Frogs are the most numerous genus of reptiles, there 
being upwards of 100 species known. Of toads there are scarcely 
one third of that number. Of batrachians that retain the tail through 
life, the most remarkable is the salamander, or evet This aninud, 
in common with all batrachians, has a great power of resisting the 
influence of external heat, on account of a rapid evaporation from 
the skin, and its power of retarding respiration without stopping the 
circulation of the blood. Hence, probably, arose the story that it 
could Hve in the fire, which is a mere fable. 



§ XVn.— Birds. 

Birds are very uniform in structure, and therefore require only a 
brief description. They differ from all preceding classes, and agree 
"With mammals in being warm-blooded, having a double heart, and 
the brain much larger in proportion to the size of the body. That 
of the sparrow, for instance, is half as large as the brain of the 
Galapagos turtie. The great peculiarity in tiie structure of birds is, 
that the anterior extremities are wings, instead of legs or arms, al- 
though the bones in the wings are quite similar to those in the fore 
1^ of quadrupeds. They are further distinguished by the mouth 
terminating in a bill, without teeth, and the body being covered with 
feathers, and the feet and claws with scales. They di£fer from all 
mammals, and agree with the lower classes in being oviparous. To 
render them light, they are furnished with a large air-sac, which exr 
tends from the lungs into the abdomen and the bones, so that the 
latter (which are veiy thin besides) are filled vrith warm and conse- 
quently light air, instead of marrow. More than 6,000 species are 
known. They are divided into five orders : — 1st Baptores — ^birds 
of prey. 2d. Insesaores, or perchers, which includes most of the 
small birds. 3d. Basores, or scrapers, including the common hen, 
turkey, partridge, grouse, pheasant, <kc 4th. GhraUatores^ waders, 
such as herons and snipes. 5th. Natatores^ swimmers, such as ducks 
and geese. These orders are distinguished by the structure of their 
feet, and a corresponding form of the beak. America contains more 
spedes than any region of the old continent ; and Europe exhibits 
more than either Asia or Africa. The most beautiful birds are found 
within the tropics ; but the sweetest singers are natives of the tem- 
perate zones. Some birds are found all over the world, especially 
iea^wls, while others never go beyond certain narrovr limita. TfeMa^ 
tiie coDdor, tmd the king of vultures, nevet foT«8i&^ VSafe^xS^^t^ <^ 
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Peni and Mexico. Tlie European vulture and great eagle, never 
remove from the ridpjes of the Alps, while the sea eagle, or ospniT, 
is cUstributed over the whole globe. The paroquets, common in 
America, are exclasively found in tlie torrid zone ; the cockatoos are 
found only in the East Indies ; and lorieft, most beautiful birds, in 
the islands south-east of Asia. Tlio celebrated bird of paradise 
is never met with beyond the limits of a very narrow region of the 
torrid zone, viz. : New (Juinea and the neighboring islands. Of birds 
which cannot fly, every equatorial region, insulated by the sea, has 
produced particular kinds. The ostidch, of Africa, the cassiowary, of 
Java, and of New Ilolland, and the toucan, or ostrich of Brazil, ex- 
hibit, in very distinct si)ecies, the same general features of organi- 
zation. They are all distinguished by a flat breast, small wings, and 
downy feathers. Though unable to fly, they run with amazing velo- 
city, the ostrich, for instance, sometimes going at the rate of 100 
miles an hour.* It cim be caught only by tiring it out by means of 
a relay of horses. The smaller birds in the tropical countries are 
adorned with the most splendid colors, and their plumage vies with 
the metallic brilliancy of the insects of the same zone, while it is 
much more varied. 

The temperate zone of birds reaches, in the eastern hemisphere, 
from the 30tli to the 60th parallel. Within these boundaries the 
various genera, and even some species, are no longer confined to re- 
gions distinctly marked, and have no particular fixed countries. Sev- 
eral species have followed tlie footsteps of man, as he removes to dis- 
tant countries; either by force or naturally. The mocking-bird, for 
instance, is said to follow civilization. 

The most remarkable geographical phenomenon in the history of 
birds, is the annual migration of many species, including swallows, 
martins, wild geese and ducks, storks, cranes, <kc These, (which are 
termed birds of passage,) at the approach of winter, abandon the 
colder climates, to spend the winter in warmer regi<x)s. Some 
species of swallow were formerly supposed to plunge themselves into 
lakes and marshes, and there remain in a dormant state during the 
winter : but such an opinion is entirely without foundation, and could 
have obtained general currency only when the difference between 
birds and reptiles was not well known ; for, owing to their vigorous 
respiration, it would be more difficult for birds to live in such a 
situation than for men. 

The fix)zen zone has few species belonging to it : among them is 
the ancL8 mollissima^ whose nests furnish the eider-down. But we 
should consider this aquatic bird as only frequenting the shores of 
the frozen seas. The strix lapponica, or Lapland owl, and the teirao 

* ^ What time she lifteth up herself on high, she soonieth the boree and Ui 
Mm^-^OB, jocrix. 18. 
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ieiffopuBj or tahnachan, live upon hi^h, cold moantuns. The latter 
becomes so white in winter, that it is difficult to observe it on the 
snow ; while in summer it is more brown than white, and then is not 
easily noticed among the heath. 

Every grreat maritime division of the globe has its peculiar birds. 
The albatross flits along upon the waves, as soon as we approach the 
40th parallel of latitude. The sea-swallows and tropical birds never 
forsake the torrid zone. Eagles and hawks are found in most parts 
of the world ; and North America presents us with a great variety 
of species. Ilere also is found a great number of various kinds of 
owl. The immense family of the humming-birds is wholly Amer- 
ican, most of the species being found in the warm r^ons of this 
continent, though some are seen as hr north as Canada. These are 
all distinguished for the extreme beauty of their form and plumage, 
the smallest species (which is not larger than a wild bee,) looking 
altogether like a creature of the imagination. America contains 
more birds of passage than any other part of the world ; and the 
immense numbers in which they migrate, is almost incredible. The 
speed with which they fly is equally astonishing : wild pigeons have 
been known to go 500 miles in a single day. On the western coast 
is seen the white albatross, one of the largest and most powerful of 
birds. It often measures 14 feet from tip to tip, and can fly a whole 
day without alighting. This is the native country of the turkey, 
which is still found wild in the forests, where it attains a size and 
beauty surpassing anything which it exhibits in the £urm-yard. 

Msmy North American species are identical with those found in 
Europe ; but those of South America mostly diflier from all the rest 
of the world ; and that country contains many more species than any 
other. There are upwards of 1,000 species of perchers peculiar to 
it Hie condor, or vultur gryphus, may be seen flying four miles 
above the sea-level. This bird is among the largest of the raptores, 
although its size was long exaggerated. It is killed with great diffi- 
culty, since its feathers resist even a musket ball, unless closely fired. 
It lives on carrion. Tlie largest and fiercest of the eagle tribe is the 
aquila destructor, or destroying eagle, found in Guiana and Brazil 

Europe seems to be the native country of the domestic duck and 
goose, where thev are still found wild. The red grouse, or heath- 
cock, of Britain, is peculiar to that island, on whose mountuns they 
are shot in myriads every autumn. The white grouse, or tarmachan, 
is found in Scotland and Scandinavia. In Britain, also, is found the 
ieirao tutrix, or blackcock, a large and beautiful bird of game. The 
capercailly, or tetrao urogallus, is now found only in Scandinavia, al- 
though formerly common in Britain. Partridges abound throughout 
Europe. Of its rapacious birds, the most notable are the golden 
eagle^ found throo^h western and central EQio^^\k<^ V^TD3&fist^gs<|^^> 
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gpeoMB of vnltiire, (bond in the Alps and PfreuMs, flood the &looii,or 
blue hawk, formerly much used in nawking. This bird is now hwA 
only in north-western Europe. 

South-eastern Asia and the adjacent islands are noted hr the 
beautiful plumage of its birds, thongh few of them equal the dazxling 
and varied lustre of some humming-lnrds. This seems to be the 
native country of the domestic hen ; and wild peacocks are still fbund 
in India. When we pass to Australasia, the birds become peculiar.* 
Some of the most remarkable species, however, appear to be extinct: 
the dinomis gigantetLS (terrible gigantic bird,) <x New Zeaknd, w» 
about 1 2 feet high, — ^much larger than any ostrich. In Australia are 
found black swans, and white hawks. The tuij or parson-bird, a na- 
tive of New Zealand, is a better mimic than any parrot^ and can be 
taught to repeat whole sentences. It is of a jet-black color, with a 
white tuft on the breast 

To Africa we owe the guinea fowl, throughout whidi it is stOl 
fbund wild. Many species of grouse and partrid^ are peculiar to 
this quarter of the world. The ostrich is found in its n^rtheam parts^ 
and in Arabia. 



§ XVffl.— Mammals. 

Mammals resemble birds, in possessing warm, red blood, and a 
double heart : but they differ from them and all other classes of an- 
imals, in being viviparous, and suckling their young, whence their 
name — ^from mamma^ a teat They include most of the large ani- 
mals, and all the more sagacious : they are distinguished by a more 
complex organization than those already considered, and by exhibit- 
ing more of those affections which are so fully displayed in man ; so 
that they are at once more intelligent, and possessed of more varied 
and permanent feelings than any other class of animals. This, com- 
bined with their immense utility to mankind, gives them a d^ree 
of interest far superior to that which attaches to such animals as 
sponges or polypes, or even to kites and crows. Hence the masses 
of mankind feel much more interest regardii]^ them : and their 
habits and characteristics were closely observed, when yet the best 
informed naturalist could not positively say whether the polypi were 
plants or animals, or whether the crab was a fish or a beast It was 
only recently, however, that they were classified according to their 
real affinities ; and the classification of Aristotle, made about 2,200 
years ago, is considered, by competent judges, superior to any that 
succeeded it, till the celebrated Cuvier, in our own day, arranged 

* Australasia may be said to have a peculiar set of organic beiii^ both 
planti and animals ; and many of the latter aip^eax ia oa very aii^[uUur. 
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them in a manner so satas&ctory, as to supersede all fonn^ divisions. 
His dassification is eesentiallj adopted by Professor Owen, of Lon- 
don, one of the most distinguished of living zoologists, who divides 
all ^e mammals into 12 orders. These are given below, beginning 
with the lowest 

1st Mcnotremes^ whose alimentary canal terminates like that of 
birds. Of this (»rder there are only two genera, both Australian. 
One is the omithorkynchtu, (bird-b^ed,) which has the bill of a 
duck, and otherwise resembles a mole : whence it is termed the 
waUr-mole, The other genus is the echidnoy a kind of ant-eater, 
with spines Hke a porcupine. The males of both genera have the 
hind foot armed with a curved spur, which is hollow, like a viper's 
&ng, and has a poison-sac at its root 

2d. Marsupials, (pouched animals,) where the female has a part 
of the abdominal integument folded inwards, so as to form a baff, in 
which the young are carried for a time after they are bom, or shidded 
from danger. The best known of this order are the opossum, wom- 
bat, and kangaroo. 

dd. Rodents, (gnawers,) which have two Icmg chisel-shaped indsors, 
or cutting teeth, in each jaw, with no canine teeth. To this order 
belong mice, rats, hares, squirrels, rabbits, beavers, porcupines, and 
giunea-pigs. 

4th. Edentais, (toothless,) where the teeth are more or less im- 
perfect, although they are not strictiy destitute of any teeth. The 
cutting teeth are generally wanting. To this order belong the ant- 
eater, sloth, manis, and armadillo. 

5th. RuminajUSy (cud-chewers,) which want incisors in the upper 
jaw and have a complicated stoniach of four cavities, so disposed as 
to allow the food, after being first swallowed, to be returned into the 
mouth for thorough mastication and insalivation. This order is large 
and very important, including the ox, buffiEdo, bison, sheep, goat, 
chamois, the various kinds of deer, elk, and antelope, the camel^ 
lama, and camelopard. 

6th. Pachyderms^ (thick-skins,) which are distinguished by the 
great thickness of their hides and their soUd hoofe. This order in- 
dudes the horse, ass, zebra, hog, rhinoceros, elephant^ and hippo- 
potamus. 

7th. Cetacea/M, (whale tribe,) which are distinguished by the pos- 
terior extremity terminating in a fishy tail, which, however, is hori- 
zontal, and not vertical, as in all fish : the anterior extremities are 
so formed as to answer the purpose of paddles ; and they have a 
large nostril or two on the upper side of the head. The order in- 
dudes the largest of all anunals, — ^the most important being the 
Greenland or right whale, cachalot, or sperm-whale, grampus, mana- 
tee, dolphin, and porpoise. The whole order is gregarious. They 
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are popnlariy oonfoimded with fish, became ihejr Hve in tbe oeetn; 
but as they nave a double heart, with warm, red blood, breathe air 
(not water, which all true fish breathe) and suckle their young, they 
are by all naturalists classed with mammals ; and they are do 
more fish than seals or otters. They are protected by a untk layer 
of &t fix>m the effects of a too rapid escape of heat by evaporation 
when they are above water, or convection when below. 

8th. Camivorans^ (flesh-eaters,) which have cutting teeth in each 
jaw and two long and pointed canines, with sharp molars, adapting 
them to destroy fiving prey, and devour the flesh : the extremities 
are furnished with claws, hr the same purpose. The order is veiy 
large, and some of the species are the most formidaUe of the 
animal creation. The piindpal are the Hon, tiger, leopard, panther, 
cougar, or puma, jaguar, cat, lynx, hyena, bear, woK^ dog, fox, 
jackal, weasel, walrus, and seal. 

9th. InaectivoranSy (insect-eaters,) wHch have small sharp points 
on their molar teeth, enabling them to devour insects. The order is 
small, the mole, shrew, and hedgehc^, being those best known. 

10th. CheiropteranSj (hand-winged,) which have the anterior ex- 
tiemitieB furnished with long fingers, connected by a membrane, 
which serves the purposes of a wing. Bats and vampires are the 
principal genera. 

llm. Qfiadrumans, (four-handed,^ which have the four extremities 
terminated by hands. This order is very extensive, including the 
numerous tribes of the ape, monkey, baboon, and lemur. 

12th. Biman, (two-handed,) where the upper extremities termi- 
nate in hands, while the lower are so constructed as to furnish a 
steady support, without any assistance fi'om the upper. This order 
contains man, who stands in it alone. Unimportant as the above 
peculiarity might appear, it is in reality one of the most important 
physical advantages that the human structure possesses over those 
of the lower animals : for the possession of a heel, strong lower 
limbs, and a body balanced upon them, — all of which are peculiar 
to man, — enable him to employ his hands freely, without beii^ 
obliged to employ them in maintaining an upright position. Mi 
the quadrumans naturally stoop, and are obliged to employ the 
upper extremities for permanent support : hence they could not per- 
form any nice or complex manual operation, even if they could con- 
trive it The human system possesses several other advantages over 
that of the most elevated of the lower animals ; but the preceding 
will suffice as a distinction. It is in his mind, however, that we find 
man's incomparable superiority over the hi^iest of the brute crea- 
tion. About the end of last century, Helvetius defended, at some 
length, the paradox that man's superiority was dependent solely upcm 
^" hand, and that he did not differ peychicafly from the lower 
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aaixnals. It is, no doubii very true that tlio liumaa band is very 
superior to that of a auadnunan : yet the single remark of Don- 
gaud Stewart refutes toe whole of Helvetius' argument : monkeys 
warm themselves by a fire left by travellers in the wood ; but they 
never have the sense to throw on a stick to prevent it from going 
Out, though their hands are very competent for that purpose. 
Much less have they ever kindled a fire. Another fact shows that 
man owes more to his mind than to his physical superiority : his 
hands are often so injured by accidents as to become decidedly 
inferior to those of the baboon ; yet he still produces pieces of 
mechanism and performs operations which no quadruman ever 
sttempts, much less effects. Socrates, therefore, took a mueh mora 
correct view of the case, more than 2,000 years before Helvetius 
was bom, when he argued that man^s body was adapted to his 
mind, and an ox's capacity to his, whereas there would have been 
folly in uniting the psychical characteristics of either to the physical 
structure of the other. We have introduced man here, simply to 
show where he stands phpically considered. His importance will 
demand a separate division ; and therefore we say no more of him 
in the present 

The orders above enumerated — ^whicli contain more than 1,500 
species — are distinguished by many other peculiarities, corresponding 
with those we have mentioned : but we consider it unnecessary to 
state them in this work. For a knowledge of these, and of the 
peculiarities of the various genera and species, we refer to Jones' 
Outline of the Animal Kingdom, and the works of Cuvier, Grant, 
and Owen. 



§ XIX. — ^Domesticated Mammals, 

In surveying the distribution of mammals, we perceive they may 
be divided into two classes — those which are found in every part, or 
at least in most parts of the world, and those which are found only 
within certain limits. To the former class belong most domestic 
quadrupeds ; and it is remarkable that those most useful to man can 
attend him through every clime, while difference of circumstances 
produces endless varieties of the same species. The fleecy sheep, the 
milk-giving cow, and goat, the powerful horso, the hardy ass, the all- 
devouring hog, the faithful dog, and even the social and amusing 
cat, accompany him from the equator to the farthest verge of civili- 
zation ; and wherever man can flourish, so can they. The horse jmd 
the ass are natives of central Asia ; but they flourish equally well on 
the prairies of the Mississippi, or the pampas of the La Plata. The 
cow is a native of Europe, and northern Asia : but she is equally 
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productive in America ; and sheep flourish unocxnmonhr well in Ax»- 
tralia, though they are natives of Asia. There are a few remainfl of 
wild cattle still found in eastern Europe, and also in Britain, where 
occurs the wild-cat, very similar to the domestic variety, but laiger 
and much fiercer. The domestic goat seems to be indigenous to 
Europe and Asia, where it is still found wild. The hog is found wild 
in eastern Europe, and northern Asia, at this day. 

In the preceding paragraph we spoke only of the domestic spedes; 
but many others of the same genus are often found in a wild state. 
Thus North America contnins a species of goat, and another of 
sheep, found among the Rocky Moimtains — the latter larger than any 
domestic sheep, with immense horns — and the American bison, (gen- 
erally termed the buffalo,) is only another species of cow. It was 
formerly found as far east as Connecticut ; but the tide of human 
population has driven it beyond the Mississippi, between which and 
the Rocky Mountains it is still found in large herds, from 30^ to 60® 
N. lat* Abyssinia contains another species of ox, with horns four 
feet long, and seven inches in diameter at the root. The Cape buffido 
is another, belonging to the same country. The principal other 
species is the amee buffalo, found in India, whose horns are some- 
tunes upwards of six feet long, and half a foot in diameter. It is 
domesticated through Asia, northern Africa, and Italy. The urus, or 
auroch, of Lithuania, appears to be the common ox, in a wild state ; 
and the brahminy bull, of India, is only a variety of the same spedes. 
The European bison, however, is a different species, distinguished by 
having fourteen pairs of ribs, while the common ox has thirteen, and 
the American bison fifteen. The mouflon, a spedes of sheep, is still 
found wild in Sardinia and Corsica. The argali, of Asia Minor, the 
rass and the kuchgar, of Thibet, appear to be all different spedes of 
sheep. The kiang, or jiggetai, of Thibet, is another of the horse 
species. The yellow goat, the shawl-wool goat, and the Tartar ox, 
of the same country, seem to differ from the common domestic spe- 
des. 

There are many other animals besides those found in a domesti- 
cated state, which are found throughout the world. Of these we 
may mention the fox, hare, wol^ squirrel, weasel, bear, rabbit, stag, 
rat, and mouse. The latter species were probably dispersed by means 
of ships. In many cases, however, the species is different, though 
the genus is the same. Many of the quadrupeds found in the 

* We think our agriculturists should try the experiment of domesticatiDg 
this anmud, and also the native sheep and goat It is very probable the^ 
would suit the country better than ue imported species. Tne Marquis of 
Breadalbane is trying^ such an experiment with the American bison at Tav- 
mouth, in Scotland : but it would be more likely to succeed in the animaTs 
native country. 



northern parts of North America, are ^^ very same species as occnr 
in northern Europe, and Asia. The two continents were probably 
connected at Bhering's Strait ; and if not, the ice forms a natural 
bridge, and sometimes a raft, on which they could pass. We infer 
that the same species, found in both countries, had one origin, and 
passed from one continent to the other ; because it is only in the case 
of such as can stand a cold climate, that identity of species exists in 
the two continents. The large pachyderms and felidsB, such as the 
elephant, horse, tiger, or lion, are never found specifically the same in 
the Old W(»:ld and in the New ; and most of me mammals of South 
America are peculiar. Our knowledge in regard to the distribution 
of species, leads us to conclude that the same species never had more 
than one origin, though the same genus often had several. Asia, 
Africa, North America, and South America, have all many peculiar 
species. We never find the same species, except in situations which 
lead to the supposition that they sprang from a common source. 



§ XX. — ^NoBTH American Mammals. 

North America contains many species of deer, some of a very 
large kind. The wapiti, (sometimes called the elk, though errone- 
ously,) resembles the stag, or red deer, but is much larger. It is 
found in Canada, and along the Rocky Mountains. The stag, or 
Virginia deer, is found throughout the country, from Hudson's Bay 
to Mexico. The moose, or American elk, is found in the wilds of 
Maine, and through the forests, on to the Pacific, but never south 
of the lakes. This animal greatly resembles the European elk ; but 
it is a different species. The horns sometames weigh 15 lbs. each. 
The carabou, or American reindeer, is found in the arctic regions, 
and down towards the great lakes. The musk-ox is found along the 
Arctic Ocean ; it derives its name from its flesh smelling strongly of 
musk. The prong-homed antelope is found west of the Mississippi 
to Mexico. 

The American white or polar bear, is the same as that found in 
northern Europe. It generally Hves along the coast, never going far 
inland, and often passes from place to place on floating ice. It does not 
hybemate, like otiier bears. When full grown, it is 9 feet long, and 
4^ high, and remarkably strong and fierce. The grizzly bear is 
found west of the Mississippi to the Pacific, and as far south as 
Mexico. It is not inferior to the polar bear in strength or size, and 
is still more fierce. The American black bear is more numerous, but 
much milder and smaller than the preceding. It is found all over 
North America, and is omnivorous, devouring roots, berries, eggs, 
fishi &c The other two species are diiefly carDiyoto^3&^ 
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The puma, or cougar, (sometimes called ihe panther, and Ameri- 
can lion,) is the only fonnidable animal of the fetine nee in NorA 
America ; but it seldom attacks man. It is feund throughout the 
countr}', fix)m Canada to l*atagonia. Wolves, foxes of Tarious spe- 
cies, and wild dogs, are found in all the unsettled parts of the countij. 

North America is remarkable for its variety of fur-bearing animab, 
among which the ermine, otter, marten, weasel, and musk-rat, are the 
most important These are now becoming scarce, and are found 
chiefly in the most remote and solitary regions; and the time seens 
to be near at hand when the ** trapper's" occupation will be num- 
bered with the things that were. 



§ XXI. — South American Mammals. 

South America is much less remarkable for its mammals, than for 
its birds. Of its beasts of prey, the jaguar, a beast resembling the 
tiger, is the most formidable. It is found throughout the warm 
n^ons, as &r as the La Plata. The monkey tribe is extremely 
numerous, though almost unknown in Nortli America. They are 
mostly of the smaller kind, the baboons and orangs of the eastern worid 
being unknown: but they are more playful, gentle, and beau- 
tifol. The deer species are neither numerous nor important. Mar 
supials are found, of many species, chiefly opossums. Bears, so 
common in North America, appear to be unknown. This is one of 
many proofe that the animals of South America are very distinct 
from those of the northern continent. 

The largest of South American mammals is the tapir, a pachy- 
derm, with a short proboscis, of which there are two genera. The 
principal ruminants, are the llama, the ncuna, and the alpaca, all of 
which somewhat resemble the camel ; but they are much smaller. 
They are found only on the Andes. The ^^cuna produces a fine wool, 
and the other species are sometimes used as beasts of burden. The 
llama was the only animal of that kind, possessed by the aboriginal 
Indians. The cdontals are numerous : the principal are the ant-eater, 
found as far south as the La Plata — ^the armadillo, protected by a 
bony covering, found on all the warm plains — and the sloth, which 
is found only in the warmer regions, where it may often be seen 
rolled up into a ball, and suspended from the bough of a tree, look- 
ing more like a large tuft of moss than like an animal. The move- 
ments of its limbs may be compared to tlie minute hand of a clock. 
The whole tribe live almost exclusively in trees. Rats and mice are 
numerous, and of many 8j)ecies, several of which are very peculiar. 
Upon the whole, the mammals of South America bear a closer re- 
•iimbUnoe to extinot species, than thoae of other ^^srtEu 
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The quadrupeds introduced from Europe have greatly changed 
the £%una of this continent. Now its llanos and pampas are tenanted 
by immense herds of wild cattle, horses, and asses, — of the fbest 
kind : and among the Andes may be found large flocks of sheep. 
The possession of the horse and sheep have completely changed tha 
habits of some of the aborigines. Thus the Araucanians of Chili 
now tend their flocks, and ride on horseback, like so many Toork- 
mans, whereas, at the discovery of the continent, they were hunters 
exclusively. The value of these animals they were not slow in ap- 
preciating ; and they came against the Spaniards vnth a strong cav- 
alry force only 15 years after they had flrst seen a horse. They still 
possess a great part of Chili, and have not been subdued to this day, 
liiough often attacked. 



§ XXTT. — ^European Mammals. 

Europe contains no indigenous quadrumans ; and its species of 
quadrupeds are not very extensive, though very important. Several 
oi these have been already mentioned m speaking of domestic ani- 
mals. The elk a>nd reindeer are found in its northern parts. The 
latter is found both wild and domesticated: it constitutes nearly the 
whole living of the Laplander, who feeds on its flesh and milk, and 
18 clothed with garments made of its skin, sewed with threads of its 
nnews. It is never found to flourish below the parallel of 60^, in 
Ekirope, or the 45th, in Asia; south of this, it gives place to the 
stag, or red deer, the £allow-deer, and the roe. Of beasts of prey, 
the principal are the glutton, found in the north — the black and the 
brown bear, foimd in central Europe — the polar bear, that never 
goes beyond the shores of the Arctic Ocean — the wolf and the fox, 
common throughout the country, and the lynx, now found chiefly in 
l^pain. Many rapacious beasts have now become extinct in many 
parts, as the lynx in central Europe, and the wolf and the bear in the 
bzitish Isles. The wolf disappea^d there, little more than 100 years 
^K>. The cunning fox maintains his ground almost everywhere. 
'&fy variety found in the north is larger and fiercer tlian the 
Italian, or southern, and often does great damage among the flocks. 
In the Scottish Highlands, the fox-hunter is a regular paid ftmction- 
aiy, whose services are in frequent demand among the shepherds. 

The ibex and chamois, animals resembling die goat, are found 
among most of the high mountain chains, whence they never descend 
into the plains. The beaver is still found on the large rivers of 
eastern Europe : there are several species of squirrel ; and the otter 
is common in many parts. The hedgehog is general; and the poi^ 
eapine oocius alon^ the Mediterranean. 
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§ XXJIL — ^Mammals of Asia akd Oobakioa. 

The mammals of Asia are more numerous than ihose of Europe, 
but those of northern and central Asia are in a great meanue 
the same, although upwards of 300 species are pecoSar. Aaa 
is the native country of the camel, of which there are two spedes — 
the Bactrian, or two-humped, which is very strong and haiiy, found 
in central Asia and round the Caucasus, and the common, or Arabian 
camel, which is one-humped. This species is now common all ova 
northern Africa. Its structure most clearly indicates the countaies 
for which it was designed ; its astonishing powers of abstinence from 
food or drink, its relishing the coarse prickly herbs of the desert, its 
.broad spongy feet, and even its nostrils, (wluch can close completely 
on the simoom, or flying dust,) indicate that it was designed for the 
great deserts. An immense amount of nutriment is laid up in its 
hump, on which it lives during long journeys ; and it is furnished 
with a fifth stomach, in which it carries water, which is transferred 
to the paunch as its needs require. The water is preserved in this 
stomach so sweet that it is common for caravans, when short of wa- 
ter, to kill a camel for the sake of the water bag. It can go without 
water for more than a week, and smells it at a great distance. It is 
to the Arab what the reindeer is to the Laplander. The dromedary, 
or mahairy — ^which is only a lighter and swifter variety — goes with 
a single rider about 100 miles a day ; and the heavy variety gener- 
ally carries 800 lbs. at the rate of three miles an hour. The Bac- 
trian camel seems designed for the cold, as the Arabian is for the 
warm deserts. It is said to be still found wild in Tartary. 

Asia abounds with deer and antelopes, there being no less than 
20 species of the former, and half that number of the latter. The 
musk-deer is peculiar, and found on the central tableau. Among 
the pachyderms are the elephant, now found only in India and the 
adjacent islands, though formerly found beyond the Indus — two spe- 
cies of rhinoceros, one single-homed and the other two-horned — a 
species of tapir, found in Sumatra — and the babyroussa hog, found 
in the forests of the Asiatic Archipelago. The tusks of this animal 
curve upwards and backwards, ana thus serve to defend its eyes in 
passing through the jungles. 

The most formidable of the Asiatic camivorans is the tiger, which 
is found south of the Altaian Mountains to the ocean. It is pecu- 
liar to this continent. The tiger has the reputation of being the 
most cruel of all animals, while he is not remarkable for courage. 
Fights between tigers and mid buffaloes are common amusements 
m the east, and the despotic rulers of those countries, who keep a 
number of the largest kind of tiger in menageries, often make them 
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their executioners, by throwing to them persons doomed to deaths 
ivho are of course quickly despatched and devoured. 

There are two species of lion, one without a mane, found in India, 
uid another resembling the African lion, but with a smaller mane, 
uid less powerful, found from Sjrria eastward. Leopards, panthers, 
ind ounces, are common : the jackal, a canine animal, is found in 
Syria and the adjacent countries, where it goes in packs. This is 
the fox of the Bible. The hyena is common almost everywhere, 
vad wild dogs abound in the mountains. 

Asia is most prolific in quadrumans, nearly two hundred species 
being peculiar to it Many are hwad in India, and more occur 
among the islands. The most remarkable is the orang-outang, 
(wild man,^ or red orang, which most resembles the human figure 
of ail the lower animals, except the black orang of Africa. It is 
found only in Borneo and Sumatra ; it is about 5 feet high, and pos- 
sesses great muscular power in its arms. 

The mammals of Australasia are mostly marsupials, there being 
upwards of 100 species : there are no quadrumans, ruminants, or 
pachyderms. The largest of the marsupials is the kangaroo, which 
IS easily domesticated, and of which there are eight species. Some 
of them are carnivorous and fierce, such as the animal called the 
tiger hyena ; but it does not belong to the carnivoran order. The 
principal animal of this order is the dingo, a kind or dog, which is 
found both wild and domesticated. 

Pc^ynesia offers little that is interesting under this head: the 
principal mammals found there were dogs and hogs, which appear 
to have been introduced along with the natives, from Malaysia, 
although several of the common domestic kind have been introduced 
of late. 



§ XXlV. — Mammals of Africa. 

The mammals of Africa are very interesting, and upwards of 250 
ales are peculiar to it ; but many of them so much resemble 
lose already considered that we need not mention them. Of its 
ruminants, tne most abundant are the antelopes, of which there are 
upwards of fifty species, none of which, we believe, have ever been 
domesticated. They go in immense herds, with sentinels, which 
give an alarm in case of danger. They are extremely swift, and 
are caught by the camivorans chiefly by being surprised when they 
come to drink at the streams and springs. The deer species are few 
m number,* and confined to the Atlas Mountains. The camelopard, 

* The deer tribes are distingiushed from the antelopes by having the homa 
•olid aod deddaouB, or abed yearly, whereu those QiuA\BiXtt vtODS^tfs^ vA 
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Btication as the cat,* wluch he closely resembles in structure ; 
lis enormous strength and voracity would render him a veiy 
irons and unprofitable companion. Leopards and panthers 
id throughout Africa ; and foxes swarm in every part of the 
ry. There are also several species of wild dog, of jackals, and 
IS. The latter generally hunt in packs, and by this means often 
Dme opponents of the cat tribe, me lion not excepted ; for all 
are solitaiy animals, while the canine tribes— such as tiie dog, 
fox, jackal, and hyena — are gregarious, and generally go in 
• 

the weasel tribe, the most remarkaUe is the ichneumon, wor- 
3d by the ancient Eg3rpt]ans. It is domesticated both in Egypt 
1 India, where it is much more efficient than the cat in destroy- 
its, mice, snakes, lizards, and other vermin. It is particularly 
for devouring the eggs of the crocodile ; and its services proba- 
ded in freeing most of Egyiat from that formidable reptile, 
is now seldom seen even in Upper, and never in Lower Egypt 
mdent story of its leaping into tlie crocodile's mouth when 
, and devouring its intestines, appears to be a &ble. It is easily 
sticated, and becomes attached to the house and its master, 
ndrumans of many species aboimd in all the warm re^ons of 
., beyond the Sahara, and a few are found in Barbary. There 
trious kinds of baboons, and two or three species of the chim- 
3, or African orang, which is as large as the Asiatic orang, and 
formidable. This animal bears a closer external resemblance to 
han any other. 



§ XXY. — ^Marine Mammals. 

the phocida^ or seal tribe of camivorans, there are many 
s, of very various sizes and appearance. They are all oov- 
nth a layer of &t, like the cetaceans, and yield a valuable oil, 
their skins are applied to a great many uses. They are found 
md the shores of the polar seas, and down to about the 50th 
^1, but seldom lower. The Greenland seal is to the Esquimaux, 
Che reindeer is to the Laplander, — his principal means of sub- 
56. The walrus, or morse, is among the largest of the tribe, 
about 20 feet in length, with two tusks two feet long, turned 
perpendicularly down. It is found only in the arctic seas, 
^mmon seal is found on the north-western coasts of Europe, 
round Greenland. It is about 6 feet long, with a head very 

lie wild-cat is fiercer than the lion, and exhibits more of the peculiari- 
tfae tiger, as well as a greater external resemblance, being marked with 
^bipea, vary «nnilar to those of htt more powcxfoV cqo|pttie t . 
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like a boll-doff's. The otarians, or sea-lioDa, are fiyand chiefly m the 
•outhem hemisphere. They are characterized by having projedang 
external ears, which the other kinds want They are moMly laigor 
than the common seal. 

The cetaceans, or whale tribe, consist of three genera. 

Ist Herbivorous cetaceans^ with flat grinding teeth, and no in- 
dsors or canines in the adult The principal kinds are the manatee, 
lamantin, or sea-cow, and the dugong, or mermaid. The former are 
found chiefly in the Atlantic, round the mouths of the large riven, 
and the latter in die Indian Ocean and the adjacent seas. The 
manatee is about 14 feet long, and lives on the rank vegetation at 
the bottom of streams. The dugong is seen chiefly in salt water, 
and feeds on marine plants. It sits upright when suckling its young; 
and this gave rise to the fobulous stories told of it, under the name 
of the memuud, or sea-maiden. The whole tribe are gentle and 
harmless animals. 

2d. Bapacious cetcLceanSy with sluurp teeth, and long jaws. These 
are carnivorous, living on fish, and very fierce. They are found in 
every sea, firom pole to pole. The laigest kind is the well-known 
sperm-whale, which is 75 feet long, when full grown, and 50 feet in 
cm^umference. They are found in every ocean except the Arctic, but 
are at present most numerous in the North Pacific and the Antarctic 
Ocean. The spermaceti is found chiefly in an immense cavity in its 
head. This animal defends itself desperately when attacked ; and 
the fishery is attended with great danger. It is carried on mostly 
by American ships from New England. The smallest of this tribe 
is the porpoise, always seen in shoals, and ofl^n following fish up 
into rivers, where they are frequently left by the tide, and taken. 
The dolphin* is larger than the porpoise, being about 18 feet long; 
and the grampus is still larger, and much fiercer. The male of the 
narwhal, or sea-unicorn, has an immense tusk projecting firom the 
forepart of the head, to the length of about 9 or 10 feet This is as 
hard as ivory, and wreathed throughout its length with a spiral 
groove. There is a second rudimentary tooth in the jaw, and these 
are all the animal possesses. In the female, both teeth are in a ru- 
dimentary state. The narwhal is generally about 15 feet long, ex- 
clusive or the tusk, and is found chiefly in the Arctic Ocean. The 
porpoise and grampus are found through the Atlantic and Antarctic 
Oceans also. 

3d. The balcence, or whalebone whales, which have no cutting 
teeth, and no fin on the back, and have whalebone in the upper 
jaw. This terminates in a fringe of coarse strong hairs, which are 
in contact with the upper surface of the tongue, when the mouth is 

* The coryphene, which assumes a succession of brilliant colors when dying; 
la tanned dolphin by the poeta*, bat it is ti tnia fiah^ tzdl entirely diflfareni 
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cloaecL Hie water which the ammal gulps in huge mouthfuls is 
drained off through the interstices of the whalebone plates, and the 
small molluscous and crustaceous animals contained in it are sifted 
ont, retained, bruised between the tongue and hairs, and finally 
Bwsdlowed. The gullet of the largest of these whales is only a few 
inches in diameter, while that of the sperm-whale is large enough to 
swallow a man whole. The Greenland whale, called by seamen the 
right whale, is the most Taluable of all the cetaceans, because it 
yields a great quantity of oil, and its whalebone is of great value. 
It is also less fierce tiban many other species. This has led to its 
being nearly exterminated. It is now found only in the remotest 
parts of the Arctic Ocean, and even there only in small numbers. 
The rorquals differ from the right whale in having longer heads and 
less whalebone ; whence they are often termed the small whalebone 
whales. From this term some suppose that they are smaller than 
the right whale. This is not uniformly the case : the right whale 
18 never more than 75 feet in length, while the halamoptera^ a spe- 
cies (A rorqual, is often found 120 feet long, being the largest of all 
known animals, living or extinct. It is much fiercer, however, than 
the Greenland whale, and yields much leas blubber as well as whale- 
bone. Hence it is much less sought after. The r(»x][uals are found 
in the Padfic and more abundantly in the Atlantic Ocean. 
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ANTHROPOLOGY, OR ACCOUNT OP HUMAN RELATIONS 

AND INSTITUTIONS. 



PART I. 

ETHNOLOGY, OE AOOOUNT OF THB VARIOUS RACES 
AND CLASSES OF MANKIND. 



§ L — ^Divisions, Extent, and Pofulatiok or the World. 

Ortelius and Mercator, in the sixteenth century, conceived the 
idea of dividing all known lands into three grand portions : m, 
the Old World, comprising Europe, Asia, and Africa; the New 
World, or North and South America ; and Terra Australis, Magel- 
lanica, or Austral, or Southern World: to which Varenius added 
the Arctic World. At a later period, when the knowledge of the 
Pacific became more extensive, but the notion of a southern or 
antarctic continent still prevailed, De Brosses proposed the name of 
Australia for the islands of New Holland and the surrounding 
groups ; Poljmesia, for the groups scattered over the Pacific ; ana 
Magellanica, for the supposed southern or antarctic continent. 
Einally, geographers have agreed to consider the island world of the 
Pacific Ocean a separate division, called by the name Ocecaiica, 
Adopting this classification, we may divide the land of the globe 
into three great divisions, called worlds, which are completely 
separated from each other by the ocean: 1st Old Worid, sub- 
divided into Europe, Asia, and Africa ; 2d. New World, subdivided 
into North America and South America ; 3d. Maritime World, sub- 
divided into Malaysia, Australasia, and Polynesia. 

The whole land area and population of the globe have been 
differently estimated, as in reality neither is accurately known, and 
will not in all probability be so, for ages to come. We subjoin three 
of the most authoritative estimates, from Hassel, Balbi, and the 
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Weimar Almanac for 1840, omitting the smaller numbers, which 
»innot be depended upon, in any such case. The statistics from the 
Almanac are the most recent to which we have access ; they appear 
bo have been compiled with care, and are probably nearest tne truth, 
kliough, in some cases, no doubt, incorrect. 



Europe, • . . 
Asia, • . . . 
Africa, . . . 
America, . . . 
Ooeanica, . . 


. 3,000,000 
. 16,000,000 

• 11,000,000 
. 15,600,000 

• 3,400,000 


Balbi. 

8,211,000 
13,935,000 

9,775,000 
12,817,000 

3,665,000 


Weimar Almanac. 

3,807,000 

17,806,000 

11,647,000 

13,542,000 

8,347,000 


Total, 

Europe,. • • 
Asia, . . . 
Africa, . . • 
America, . . 
Ooeanica, . . 


48,900,000 43,303,000 

n POPULATION. 

HaMel. Balbi. 
. 227,000,000 227,700,000 
. 470,000,000 390,000,000 
. 110,000,000 60,000,000 
. 43,000,000 39,000,000 
2,600,000 20,300,000 


50,148,000 

Weimar Almanac. 
233,240,000 

608,516,000 

101,498,000 

48,007,000 

1,838,000 


Total, 


852,600,000 


737,000,000 


993,099,000 



§ XL — ^Varzeties of Mankind. 

The careful and extensive researches of Dr. Prichard,* have proved 
to the satis&ction of all physiolc^ts of any note, that there is only 
ODB species in the order bimana, and that all the differences we 
observe in the phjrsical character (k nations, have resulted from the 
diffisrent circumstances that operated upon them, just as we see va- 
rieties incessantly appearing in the same species of plants and ani- 
mals, sometimes much more unlike than the most dissimilar of the 
human frunily. As this subject is neither uninteresting nor unim- 
portant, we shall give a brief statement of the conclusions established, 
referring for full details to the works mentioned in the note below. 

• These are given in his Researches into the Physical History of Mankind, 
(LoodoD, 1889-1844, 4 vols. 8va, 8d ed), ^uttem Origin of the Celtic Na- 
tMMj (liond., 1881, 8vo.), and his Natural History of Man, (Lond, 1846, 
8va, 2a ed) Hie last work cominrises the substance of the first, with addi- 
tioDiil illi]8tniioo& 
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The peculiarities chiefly relied upon by those who have maintained 
that man is of several species, are, the color of the skin, the nature 
of the hair, and the peculiar conformation of the bones, particularly 
of the skull. It is sometimes stated in popular works that there are 
differences in the structure of the skin ; but every anatomist knom 
that such is not the case. With respect to the color of the skin, it 
exists only in the cuticle or scarf skin, which is immediately aboie 
tlie cutis vera, or true skin ; and it depends on the presence of a 
number of pigment cells, which are intermixed with the ordinaiy 
cuticular cells. On taking an extensive survey of the human race, 
we find these cells exhibit every intermediate hue, from a very hgbt 
brown to jet black. The matter is never absolutely colorless, or of 
any other hue than some kind of brown or black. In some varietifis, 
however, it is not uniformly distributed in every individual, but itt 
patches, constituting what are termed freckles. These occur only in 
fair-skinned varieties. The various shades of color also pass insensi- 
bly into each other ; and they are generally connected with climate. 
There is here wanting, therefore, those sharp and sudden transitions 
which distinguish species. If the negro be of one species, and the 
Dane of another, to which belongs the brown Italian, or Spaniard! 
If you say to the white race, we ask, to which belongs the still darker 
Arab ? — and the still darker Nubian ? But the argument founded 
on color is directly met and contradicted, by the historic feet that the 
very same race exhibit every shade of color. We may instance the 
great Indo- Atlantic family, (otherwise called Indo-European, Indo- 
Germanic, or Japhetic,) which stretches from India across the whole 
breadth of the old continent to Ireland, and now, from the Atlantic 
across the whole breadth of the New World to the Pacific This 
family is so connected by language, and by mental and physical pe- 
culiarities, that no physiologist whatever <£sputes their being of one 
race. Now among them we find every shade of color, from the 
black of the Southern Hindoo* to the fair and florid hue of the 
Hollander, or the Briton. The rapidity with which color changes 
is seen in the Endish colonies of North America. It is not 
250 years since the very first colonists arrived from Britain, and a 
much shorter time since the ancestors of most of the present New 
Englanders crossed the ocean, and yet they have lost the clear com- 

Elexion of their kindred beyond the water, and acquired much <rf the 
ue of the southern French, or northern Spaniards, so that, if an 
assemblage of each nation were* placed side by side, there could be 
no difficulty whatever in distinguishing them by their complexion 
alone. With respect to intermixture with the Indians, we know as 
a matter of feet tiiat it never took place. The aborigines of America 

* The Hindoos alone, indeed, present every shade, in the color of the ikiiih 
eyes and hair ; some being black, others dark, and othcov fiiir. 
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ire another instanoe. They are all .imquestionably of one race ; taid 
yet as we move from around the l^es southward, they become 
darker and darker, till in the plains of the Orinoco and the Amazon 
they are nearly black, while on the cool and humid shores of the 
Pacific they are found fairer than many Europeans, and their cheeks 
frequently display the ruddy hue common among ^hite men. On 
the elevated mountain and table lands of South America, the hue is 
much lighter than in the plains. We are well aware that it has 
been repeatedly stated the American Indians are all of one hue. 
Such assertions could have proceeded only from theorists, who had 
either a very limited, or no acquaintance with them. The Arab 
tribes, also, exhibit a great variety of hues, from the black of the 
Mogrebba of the Sahara, and the dark brown of the Shegya, or the 
native of Oman, to the comparatively fair hue of the Arab of Leba- 
non. The answer to such hcis is — intermixture. But the other 
features often show that there has been no intermixture. Thus, the 
Mogrebba Arab shows by his features, hair, and general expression, 
that he is not blackened by being partly of negro descent There is 
another &ct which proves that the answer of intermixture is unsatis- 
fiictory. Where change of complexion is produced, as it often is, by 
intermixture, there is only an approximation to either of the colors : 
thus, the mulatto is never as black as the negro. Now in the cases 
we have mentioned, there is a complete similarity of hue. The argn- 
ment from intermixture is frirther rebutted by historic knowle&e. 
Thus, the Jews are a people who have ever, according to the 
porophecy, " dwelt alone,*' without intermixing with " the nations" to 
this day. Now this separate race, all descended from brown ances- 
tors, Qbr Abraham, Isaac, and Jacob must have been as dark as 
Mar Yohannan,* if not darker,) exhibit every shade of color, frtHn 
tbe black Jews of Malabar, of whom we have such an interesting 
account by Dr. Claudius Buchanan, to the rose and lily complexion 
of the Jewesses on the banks of the Elbe. We need go no further 
than the Jews of southern Spain, and compare them with those of 
Hcdland and northern Germany, to perceive a very striking difference. 
Hie Spanish Jew is always dark-complexioned, and his hair is uni- 
formly black, whilst the German Jew is often as fair as any German, 
and has light or red hair, with blue eyes. The various shades of 
color observable among the negro, or African race, tends to the same 
conclusion. Along the coast of Guinea, which is low, marshy, and 
hot, we find jet-black complexions, and this is the very country from 
which American negroes have been derived ; but when we come to 

♦ The celebrated Nestorian bishop, who was in this countrv in 1842. 
Ilkough a native of northern Persia, he is quite as dark as a mulatto, while 
there is not even a reniote possibility of his having had Hindoo or ne^gra tar 

18* 
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the devated regions of the interior, or paas into Bootliem AtAeti, nt 

find the very same race of varions shades of brown, from a daii 
mahogany to a light copper, like that of the Foulahs of the Kong 
Mountains. The Creator does not produce great changes in organic 
beings by sudden starts and bounds, but wisely introduces them bj 
gradual alterations. Hence when races change their localities, tlie 
color — as well as other characteristics — changes only by degrees. 
But in the course of ages, it always ocHiforms to the climate ; and 
hence, without a single exception, we find all races long settled in 
low, marshy, and hot regions, very dark, or black, and those long 
resident in cool and equable climates, fair-complexioned ; while in 
r^'ons of an intermediate character we find an intermediate color. 
The Afiicans of the Northern States are ahready several shades lighter 
than their Guinea ancestors, even in those cases where their 
thoroughly negro hair and features show that they are not of 
mixed descent.* 

With respect to the peculiarities of the hair, some of these change 
more slowly than the color of the skin. So £^, however, as its oobr 
is concerned, that is of less value than what we have been oonlude^ 
ing, since it is very common to see brothers german with hair of the 
most unlike hues. But the texture of the hmt has been supposed to 
exhibit a permanent distinction. This, however, differs from the 
other only in degree : for, the Negro, or (to use a common, and 
more proper expression,) the African race, exhibit every variety of 
structure, from the most crisp to curling and flowing locks. Micros- 
copic examination has shown, that the most crisp human hair does 
not differ a whit in structure, from the most straight, — ^the matting 
property of wool, (arising from small notches in the hairs,) being 
equally absent in both. The term woolly^ indeed, must have been 
applied to the African's hair, by persons who were acquainted only 
with the wool of one kind of sheep : for, in the ovine race, the wool 
is oftener straight than crisp. 

With respect not only to the skeleton, but to the whole anatomical 
structure of man, — ^teeth, bones, bloodvessels, muscles, nerves, dfcc, — 
there is no more difference between the various races of mankind, 
than is frequently met with in different individuals of the same race, 
nor indeed near so much. Thus, to take an example that may be 
generally known : there have been many cases since the days of the 
Gathite, mentioned in the Old Testament,f where persons were bom 
with six fingers on each hand, and six toes on each foot, although it 

* We would ask those who make color a distinction of species, wfaeUier 
the large brown patches often met with on the skin makes soch parts of a 
dtfEtBirent species from the rest; and whether the Uack aide <tf a oow or cat k 
of a difiEerent species from the white f 

t See 2 Samuel zzl 20. 



THX YABHTIM OV MAHXnffD. St9 

18 urell known, that there is no such difference between the modt dis- 
flimilar races of mankind. The form of the skull, to which much 
importance has sometimes been attached, is as variable as the com- 
jJexion. Of this the Turks and Magyars are striking examples. 
j3oth belong to the Mongol race ; and m the course of time, they 
haye completely lost the pyramidal form of the skull, peculiar to that 
raoe. It may be said that the Turks intermixed with other races ; 
but this is not true. Any affinity with the ^ unbelieving dogs,^* (as 
they term all who are not Mohammedans,) they abhorred ; and to 
lefer to the CircassiaDS does not avail : for they also are of the Mongol 
race, as their language shows. Moreover it was only a few of tiie 
wealthier Turks that ever intermarried even with the Circassians : for, 
the great mass of them intermarried among themselves exclusively, 
from before the days of Orcan Ben Ogloo, to the present time. 
Their brother Toorkmans, in Tartary, have still the Mongol peculiarities. 

Among the African raoe, again, we find great diversities in the 
ferm of the skull. That of the Guinea Negro is well known : the 
Mandingoes of Western, the Gubers of Central, and the Kaffirs of 
Southern Africa, present forms differing little, and sometimes nothing 
from that of Europeans. 

The human race is, therefore, specifically one : there is no perma- 
nent or specific difference between one race and another. And as 
one Variety often passes, by slow gradations, into another, a scientific 
and accurate classification of them is impossible, from the nature of 
the case. That of Blumenbach has been, for some time, more gen- 
erally received than any other ; and therefore, we give an outline of it. 
He divides the human race into five varieties. 

The first is now called the Iranian^ (from Iran, ancient Persia,) 
and occupies western, and part of southern Asia, eastern and 
northern Africa, Hindoetan, and Europe, besides the white popu- 
lation of America. This raoe is sometimes called the Caucasian, 
from the belief of its having originated near the Mountains of 
Caucasus, in Asia, — although that is a groundless opinion. The 
principal nations comprised under this head, or class, are the 
Europeans, and their American descendants, the Arabs, Moors, 
Torka, Persians, Hindoos, and Abyssinians. They are distinguished 
by the following peculiarities, viz., long hair, generally waving or 
ctnrling, black, r^ flaxen, or brown ; — ^the head round, Uie fece oval, 
straight, and narrow; the forehead smooth ; the nose high, and gen- 
ially more or less ardied, with a slight depression only at the root ; 
the mouth small, and the teeth set perpendicularly. 

The second variety, comprised under this head, is the Tartar^ 
Mongol^ or Turanian race, and includes all the nations of Asia east 
of the Caspian Sea and the Ganges, except Malacca. It embraeea^ 
aho, the Laplanden^ and Finlanders, in Europe Vhi^ ^ibc9c^^nA^^»^ 
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nans, and the Esqnimaiix, from Bhering's StraitB to Greenland. Tbe 
characteristics of this race, are, a yellow, tawny skin, black, stndgfat 
hair, head square, eyes set obliquely, face large and flat, nose small 
and flat, cheeks round and prominent laterally, and the chin pointei 
This is also called the Eastern variety. 

The third race, or American varie^, consists of the aborigines of 
America, (exclusive of the Esquimaux,) by some writers believed to 
have sprung from a horde of wandering Tartars, who crossed over to 
the peninsula of Alashka.* Their distinguishing characteristics are 
a copper-colored skin — sometimes of a very light, and sometimes of a 
nearly black hue ; black, straight h^r ; low forehead ; eyes deep set, 
or sunk ; cheek-bones very prominent, and fece large. There ia a 
strong similarity to be observed between the Tartar, or Mongol, and 
the American races. 

The fourth race is the Malay, or Matayo-Polynesian, comprehend- 
ing the inhabitants of Malacca, Malaysia, most of Polynesia, and 
part of Australasia. The following are its distinguishing features : 
a ta^vny complexion, hair black, soft, profuse, and curled ; the fore- 
head very prominent ; the none thick, small, and bulging ; and the 
uppor jaw slightly projecting.! 

The fifth race is that of the African, or ne^ro, which is spread 
over the whole of western, central, and southern Africa. It is also 
found in Madagascar, intermixed with the Malays, and in some of 
the islands adjacent to Asia, and occupies New Holland, Van Die- 
men's Land, New Caledonia, New Guinea, and part of New Zealand. 
The distinguishing types of this race, are, dark hue ; black, curly 
hair ; head narrow, and compressed at the sides ; the forehead con- 
vexed and arched ; cheek-bones projecting forward ; nose thick and 
flat ; lips thick and protuberant ; chin drawn in ; upper jaw projectr 
ing, and teeth set obliquely ; feet flat and broad ; and legs crooked. 

The preceding division has been rendered more exact by Dr. 
Prichard, who distinguishes four varieties in Blumenbach's n^ro, viz.: 
the African — just described — the Hottentot, the Papuan, or Aus- 
tralasian, and the Alfourou, or Alforian race. The Hottentots are 

* It is more probable they are descended from Japanese, who sailed along 
the Euriles to Kamschatka, and thence along Bhering's Isles and the Aleu- 
tians to Alashka ; for the Tartars were not a seafaring people. But whether 
Sprung from Tartars, Japanese, or Chinese, there can be little doubt they are 
escended from the Mongol tribes of eastern Asia. 

f Such statements must be understood as being only generally true ; for 
some individuals of Uie Malay race — the Taliitians for example— have Rcxnan 
features, with brown, red, or flaxen hair. Such were found amongst them 
when first discovered, so that the ready reply of "^ mixed blood" will not avail 
A similar remark applies to all the races. Not only individuals, but some- 
times whole tribes, ^verge widely from the characteristics whidi Blomeii' 
"Sob attributes to them. 
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distinguished by a tawny huSy or fawn color ; very wide and high 
cheek bones ; a flat nose ; oblique eyes ; and hair scanty and growii^ 
in tufts. The Papuans, (who occupy moAt of the islands of Austr^ 
asia, the Andaman Isles, and the interior and mountainous parts of 
Borneo, and some of the other Malaysian islands,) are of small stat- 
ure, seldom exceeding five feet ; the complexion is sooty, rather than 
black ; the hair grows in tufls, with a spiral twist ; the &>rehead is 
higher, the nose more prominent, and the upper lip longer, than in 
the African ; the under lip is protruded ; and there is scarcely a ves- 
tige of a chin. The Alfourous are few in number, being found chiefly 
in the interior and southern portion of New Guinea, and the central 
parts of the Moluccas and Philippines. Their complexion is very 
dark ; 'their hair is thick, straight, and unilbrm all over the head ; 
tile nose is so flat as to ^ve the nostrils an almost transverse position ; 
the eyes are large, and the legs long and slender. These are oonsid* 
ered the earhest inhabitants of MiJaysia and Australasia ; and it is 
supposed that they were supplanted first by the Papuans, and after- 
waids by the Malays, who seem to have succeeded the latter at a 
much more recent period. 

BlumenbacVs division is objectionable in classing together the 
Aramaic^ or Syro-Arabic race, (including the Arabic race, Jews, 
Nestoriaas, and Syrians,) and the Indo-Atlantic race. These two 
races are distinguished both by the diflerence in their languages, and 
by several pecvdiar physical and mental traits. Recent researches 
abo show that the Copts, and the Nubians, belong to the Airican 
race. This is proved by their languages and physical 'peculiarities,* 
tiie former of which are very peculiar. They show the full counte- 
nance, almond-shaped eyes, wide nostrils, thick prominent lips, snudl 
chin, and bushy hair, generally common among the Airicans. The 
Tery same pecidiarities marked the ancient Egyptians — ^the ancestors 
of the Copts. 

Of Blumenbach^s five races, the Caucasian ranks first, and is supe- 
rior to the others in intelligence, courage, invention, enterprise, and 
high moral attainments. 

Such are the principal varieties of the human species spread over 
the &ce of the globe. Navigators have found mhabitants in the 
most sultry climates, and in the neighborhood of the Poles, upon the 
most inaccessible coasts, and even on islands that a wide ocean seemed 
to separate firom the rest of the world. The islands of Spitsbergen, 
and r^ova Zembla to the north, the Galapagos^ Juan Fernandez, 

* It has been inferred firom the form of the ancient Egyptian skolls, that 
they belonged to what is vaguely termed the Caucasian race ; but similar 
IbnoB are common among the Kaffirs, Foidahs, &jc When we are told the 
andeot Egyptians built the Pvramids, we ask, did Caucasians build tha 
eqaally stupendous edi&^es of dentral America^ 
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Sandwich IslancU, the Falkland Isles, and a few others, are the only 
countries of considerable extent which have been found entirely des- 
titute of inhabitants, if we except the pewly discovered lands in the 
antarctic regions. Man^s habitations reach to the remotest confines of 
animated nature. He can inhabit every climate ; the Esquimaux, of 
Greenland, live as far north as the 80*^. In the southern hemisphere, 
the bleak and barren Terra del Fuego, supports the Petcheres ; so 
that the New World is inhabited from one extremity to the other. 
In the Old World, the habitations of man form a collected whde, 
which is broken in upon merely by wide deserts ; and in the midst 
even of these, man has peopled the oases or verdant islands scattered 
over an ocean of sand. The human body sometimes supports, upon 
the banks of the Senegal, a degree of heat which causes spirits of 
wine to boil. In the nortli of Asia and America, it frequently reasts 
cold which freezes mercury. As the intensity of the cold does not 
increase beyond the 80^ oi latitude, it is probable that navigators 
could easily sail directly over the Pole, were it not for the ice that 
constantly surrounds it. 



§ in. — Ethnographic Table. 

The following table exhibits the numbers of the different noei 
of men, according to HasseVs enumeration : 

I IRANIAN, OR CAUCASIAN RACE. 

Circassians and Georgians, • 1,118,000 

Arabians, Moors, Jews, Abyssinians, Berbers, and 

Armenians, 54,523,000 

Hindoos, Persians, Curds, Afghans, and Belooches, 143,353,000 

Greeks, 4,834,000 

Amauts, 530,000 

Sclavonian Nations; (Russian, Poles, Bohemians, 

Lithuanians, Croats, &c.,) 68,255,000 

Germans, Dutch, English, Swedes, Danes, and 

Norwegians, 60,604,000 

Roman or Latin Nations ; (French, Italians, Span- 
ish, Portuguese, Walloons, and Wallacluaiis,) . 75,255,000 

Low Bretons, Welsh, Caledonians, Irish, and 

Basques, 10,484,000 

Total, 419,530,000 
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n. HONOOLIAN, OR TXJKAmAN BAOE. 

gol Natdoas ; (Toorkmans, Turks, UsbeckB, 

irguis, Thibetans, Ac.) 62,937,000 

lese, 266,200,000 

oans, Siamese, and Anamese, 83,860,000 

inese and Mantchoos, 60,420,000 

, Esthonians, and Laplanders, 2,878,000 

limaux, Siberians, aiul Kamschatdales, . . 186,700 

Totel, 406,470,700 

m. MALAY RACE. 

ijs, inhabiting the Peninsula of Malacca, Ma- 

ysia, and Polynesia, 38,800,000 

IV. ETHIOPIAN, OR NEGRO RAOE. 

san Negroes, , 62,988,000 

res, 6,200,000 

tentots, 600,000 

nans, or Oriental Negroes, (Australians, P^ 

nans, Ae^) 960,000 

Total, 69,688,800 

y. AHERIOAN RAOE. 

th American Indians, 6,180,000 

iih AmearicMi Indians, 6,140,000 

ibees, 17,000 

Total, 10,287,000 

VI TOTAL OF EAOH RAOE. 

easians, 419,680,000 

golians, 406,470,700 

ftys, 82,600,000 

opian, or N^ro Race, 69,638,800 

ancan, or Copper Colored, 10,287,000 

Total of the gVA^ ^^^,4^\{)^ 
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§ IV. — Causbs op the Variations nr the Human Race. 

Several commentators on the Holy Scriptures, consider the vs- 
rieties of mankind to have sprang from the peculiar character and 
circumstances of Noah^s three sons, Shem, Ham, and Japhet 
These certainly peopled the whole earth ; and it has been suppoeed 
that miraculous interference was necessary to produce the varieties 
in the human race that now exist This hypothesis is inadmissible 
for two reasons : — Ist, there is not the shadow of any historicsl 
proof of any such miracle, and 2d, it is not necessary to have 
recourse to miraculoiis agency to account for those variati<»is. The 
supposition was indeed formed in ignorance of several of the fects 
which we have stated in Sect. 2. We can trace the gradual 
fonnation of those varieties by known causes, such as difference of 
climate, food, clothing, pursuits, niodes of thinking, &c But before 
proceeding to consider these, we shall briefly notice the partacnlar 
arguments of those who maintain that there was miraculous inte^ 
ference on the part of the Most High. 

It has been asserted, that the African race are descendants from 
Ham, and that therefore they are accursed, and ^' the servants of se^ 
vants," — that the Mongol race are descended from Japhet, who has 
been " enlarged" by spreading over central and eastern Asia, and has 
" dwelt in the tents of Shem," upon the conquests of the Turksj I 
Gengis Khan and Timur. The Caucasian race are thought to be ^ 
the descendants of Shem. This view is supposed to agree with i 
facts and Holy Writ ; and Cmder^s opinion is quoted, according to ' 
which there are only three varieties of men, the Caucasian, or white, 
the Mongol, or brown, and the African, or black. We have already 
seen, that this view does not accord with fiacts. Instead of three, we 
have six or seven varieties ; and, instead of the complexions of the 
different vmieties being constant, we find them of various hues. It 
is also easy to show, that the prophecy of Noah (Genesis, ix. 25-27,) 
and the narrative of Moses, are equally at irreconcilable variance 
with any such view. Noah cursed Canaan — not Ham — and de- 
clared Canaan should be Shem's servant. Now, the very next chap- 
ter will unfold the exact fulfilment of the prophecy. There we are 
told, that Canaan's descendants were Sidon and Heth,* the Jebusites, 
the Amorites, the Girgasites, the Hivites, <fec Then we are ex- 

* We may state that, according to the uniform testimony of all Ttiblical 
scholars, Hem was the ancestor of the Hitites, se frequentlv mentioned after- 
wards as a Dation of Canaan ; the difference between Setk and Hit depend- 
ing on the Yowel points, an invention of a date more than 2000 yearB poste* 
vinr tn the death of Moses. Instead of Hitites^ Dr. Boothroyd afwaya writes 
Ik 
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presslj told the boimdaries of the territories occupied by Canaan's 
descendants. They extended firom Sidon to G^aza, (two well-known 
towns in Palestine,) on the sea-coast, and then '* unto Sodom and 
(Gomorrah, and Admah and Zeboim, even unto Xasha." Now, as 
Sodom, Gonoorrah, &Cy occupied the present site of the Dead Sea, it 
18 evident that the territories of Canaan's descendants were comprised 
within the land of Canaan, so often mentioned, and so called, from 
the very £Eict of its being settled by the Canaanites. We arrive at 
the very same conclusion, if we examine the particular locaHty of the 
various tribes mentioned, most of whom are very frequently spoken 
of throughout the Old Testament The prophecy, that Canaan 
should be Sham's servant, was fulfilled when the Israelites conquered 
their country, under Joshua, and made such as were spared ^ newers 
of wood, and drawers of water." Such as remained in any degree 
independent were thoroughly vanquished by David. The Canaanites 
became literally, '* servants of servants," when the Hebrews were suc- 
cessively under the yoke of the Assyrians, Babylonians, Persians, 
Greeks, and Romans. 

With respect to Ham's other descendants, we are told, that among 
them was Nimrod, who, instead of being a *' servant," was the founder 
rf a great and independent monarchy, and the builder of Nineveh,* 
that " exceeding great city, of three days' journey ."f AmongHam's 
other descendants, we find Mizraim, the Egyptians, as all Hebrew 
scholars tell us,^ — ^this being the only term for that people throughout 
the Old Testament Now, the Egyptians were among the first, if not 
the very firet, of civilized nations, and their country has been iustly 
termed "" the mother of arts and sciences ;" and, instead of being 
8er>^ant», they were, for a long series of ages, the most powerful, as 
well as the most intelligent people in the worid ; and at one time 
they subdued a great part of Asia and Africa. True, their greatness 
passed away : but what ancient greatness has not f The more we 
mrn of them, the more we are astonished at the surprising progress 
they had made in knowledge^ and the variety and vastness of the 
fruits of their arts and power, at a time when all Europe presented 
a very different spectacle. The Egyptians were not black, as we 
blow from innumerable proofe, but of a reddish, or yellowish brown. 

From tbe account given of the numerous descendants of the 
Egyptians, (probably colonies, settled in all the more eligible parts 
of Africa, at a very early period,) and from the close resemblance be- 
tween the Coptic, or lEgyptiaxk^ and the languages of Soudan and 
southern Africa, we think there is little room to doubt the correct- 

* See marginal reading <^ v. 11, which critics tell us is the true rendering: 
e Micah y. 6. 

{Jonah iil 8. 
See Genesis L 11, and nuuginal e3q>laDatioiL 



Mw of thf t ' uiiwut opimoix. thai the otlier Afikms we Jcwnendiirti 
of Hjul Bm it must nc< "be forcotxm, thai there is no prc^ihecy 
whatever, alout the de^tiDT of Ham s existing desoeiidantB, — the an- 
CBeni Ec^rjiiiansL lw?izur virtizallT extinct, and mat the many populoas 
and pc»w«ful stat'es^ ^covered in Aiiica within the last 20 vean, — 
containinc IvxT^ caiiesc and inhalsted hy an i^riciiltural people, — 
prcnv, that the most nnnoeroos of Ham's descendants are not 8e^ 
rants* :* and from the i?TTib2e rtsnho of the kte great expedidoo 
from England to oentral Africa, and sereral other ocenrrenees, which 
all lead to the same octochision. thoie is not the least probabifity that 
the p^at bod V of the Hamite« wiD erer bow their necks in future to 
the des>c«>dants of either Shem or Japhet ; and thej never did in 
times pasL The Almighty seems to have assigned to the Africans^ 
as their heritage, the givdter portion of the extennve continent oo 
which they dwelL 

Let US Inefly siee what is Japhet*s portion. After mentioning the 
eons of Gomo* and Javan. two of Japhet^s sons, Moses adds : "" By 
these were the isW of the Gentiles divided in their lands.^ Now, 
the table-lands and deserts of oentral Asia conld not, bj any possi- 
Ixlity be termed i'damis. Hence, the Moogob cannot be tiie sole 
descendants of Japhet. The '^ isles of the Gentiles^ must have 
meant the isles of the Mediterranean, as no others were known to 
those wh(»n Moses addressed : and the term probably includes all of 
Europe then known to the Israelites. 

As we find in this country the Indo-Atlantic race, the conclusion is 
inevitable, that, according to an old and current opinion, they are 
descended from Japhet. From Eorc^ they have overspread Amer- 
ica ; and from western they occupied a great part of central and 
southern Asia ; and their colonies seem destined to occupy most of 
Oceanica. Thus, the descendants of Japhet possess most of Europe, 
and Asia, and the greater part of the New 'V^ orld. Hence, the pro- 
phecy has been amply fulfilled. The ancient Iberians, the ancestors 
of the present Basques, were most likely of Hamite descent ; and 
this b the preponderating element in the Spanish and Portuguese 
races, and in part of the French. 

The little that is said by Moses of the location of Shem^s descend- 
ants, leads us to infer that they settled in the East, around and beyond 
the Euphrates. There is not a trace of them in Europe, till Judea 
became subject to the Romans, a little before the Christian era. From 
them are probably descended the Afghans, the Tartars, Chinese, and 

* With respect to those sfAd iDto foreign slavery, they formed but an io' 
BignificaDt fradtioD of the whole, — not so many as the number of white slaves 
at CoDstantiiiople, or in the former markets of Algiers, Morocco, Ae^ to sa^ 
nothii^ of the iooumerable white slaves of the ancients, and indeed of the 
modems. 
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Malay nioo9, the American Indians, and the first inhabitants of India 
and Oceanica. 

The &ct with respect to Noah's three sons, appears, tlierefbre, to 
be, that seTeral varieties sprung from one, and the descendants of all 
three are sometimes placed in the same subc^vision, as in the case of 
the Jews and Arabs, descended from Shem, the Greeks descended 
from Japhet, and the Phenicians and Carthaginians descended from 
Ham. We must, therefore, look elsewhere for the cause of these 
varieties in the human species, which forms the main subject of 
inquiry. 

The prophecy regarding Shem is clear, and the fulfilment obvious, 
God was to enlarge Japhet : but He (i. e., God,) was to dwell in the 
tents of Shem ; and He did dwell in the tents of Shem, from the 
day when He appeared to Abraham at Mamre, till Jesus ascended 
from Olivet, a period of about 2,000 years. It was among them He 
appeared in the tabernacle, in the temple, and on special occasions. 
To the race of Shem alone, all real revelations were made ; those 
heard of among the descendants of Ham or Japhet, being all imix>s- 
turea or delusions. Of Shem's descendants were the patriarchs, 
Moses, and all the prophets and £^)ostles ; and among them appeared 
the Teacher, who was greater than either Moses or the prophets. To 
apply this prophecy to Japhet's dwelling in the tents of Shem, is al- 
IowckL, indeed, by tlie grammatical construction, but not by the sense, 
which it renders vague and unmeaning. The other construction is, 
as Archbishop Seeker long ago observed, both the most natural and 
the most suitable. 

An equable climate is favorable to great stature ; and hence the 
natives of the southern hemisphere are taller than those of the 
northern — such as the Patagonians, the Boora and Kaffirs of south- 
em Africa, and the New Zedanders. This tendency is said to exhibit 
itself in the very first descendants of the British settlers in Australia. 
They are taller and more slender ; hence they are termed, in slang 
phrase, "currency," while the immigrants are distinguished as 
"sterliiog." 

The difference among mankind in point of stituro appears to be 
owing to the various modes of life, various kinds of food, and differ- 
ence of climate. Salubrious climates, for example, active and tem- 
perate habits, and nutritious food, give organic beings large, hardy, 
and graceful forms. But symmetry of form often depends upon tfie 
peouHar local character of the climate, and upon artificial causes. 
Thus the custom which prevails among some of the Negroes, the 
Caribbee and Flathead Indians, the inhabitants of the Society Islands, 
dec, of depressing and flattening the heads of new-bora children, 
alters the configuration of the skull, and produces a frightfid deform- 
ity. Hie Magyar descendants of the ancient Huns, (who were so 
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hideoua that they were sud to be sprung fixun the devil,) are now i 
fine, liandsome race ; and the o&pring of the ancient Gaul, or Ge^ 
man, (so terrible to the Romans tor Qieir huge stature and fierce 
aspect,) can hardly be recognized in the four-fbet-eleven peasant of a 
French commune, or the deformed and stunted operative in an 
English factory ; and among the m3rriada of Germaa immigiantB in 
this country, a tali person is only a rare exception. 

Variety of color depends chiefly upon external circamstanoes. 
Thus, besides the instances formerly mentioned, we often observe, in 
the same nation, individuals of extremely different oomplexi<wa. 
While the Moorish ladies shut up in their nouses, and scarcely ever 
exposed to the sun, have fair complexions, the women of the lower 
ranks, even in their youth, acquire a color of a very dark hue. The 
Ab3rssinian mountaineers are as &ir as the Neapolitans, or Spaniards, 
while the inhabitants of the plains are almost black. Am(»i^ the 
Creoles, or Europeans bom in Guiana, the women are distinguished 
from their sisters bom in Europe, by the ebony hue of their locks. 

Tribes of very different complexions are often found in immediate 
juxtaposition, because one or more of them are comparatively new- 
comers, on whom the climate has not had time to produce its full 
effect Thus Americans of European descent are &irer than the Indi- 
ans, because their ancestors were recent emigrants ; and it is not un- 
likely that many of the native tribes removed fix>m localities wluch 
favored a dark hue, and were not yet thoroughly blanched in their 
new situation. The Papuans are dark and curly-haired, because they 
entered AustraUa from tropical countries, which produced these pe- 
culiarities. The Alforiaus are probably the Papuans, modified by a 
longer residence in their new situations ; as the Hottentots are, in all 
probability, only an earlier race of African settlers, whose peculiari- 
ties arose from long following a hunter life among the Karroos. 

A cool, moist, and steady climate produces the fairest complexion. 
In a very dry and cold climate, the bleak winds, the rapid evapora- 
tion from the skin, and the inter\^als of very warm weather, darken 
the complexion. Ilence the olive hue of the Mongols and Siberi- 
ans ; and hence the natives of the eastern sides of the two conti- 
nents, are darker than those in the same latitudes on the western 
sides. The curling of the hair proceeds chiefly from the constant 
and often profuse perspiration to which the natives of the hot regions 
are subject. It is produced by the salts which the perspiration con- 
tains in abundance ; and it answers the pmpose of protecting the 
head more effectually from sun-strokes. The curhng effects of com- 
mon salt, (which is found abundantly in the perspiration,) is well seen 
in those whose hair is frequently wetted with sea-water. Those races 
who perspire least have the straightest hair. 

The form and capacity of the skull, and the cast of the oountd- 
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nance, are much more readily influenced by particular circumstances, 
than the color of the skin. Thus it is not uncommon to see a white 
man with features closely resembling those of the African ; and we 
often see some of the latter, of a jet-black hue, with European coun- 
tenances. The size and form of me whole head, seems to be httle 
influenced by mere temperature directly. It affects them only by 
the habits and customs to which it leads. The weather, however, in 
connection with the modes of life, haine a great efiect Thus a country 
swept by cold, piercing, dry winds, alternated with heat, produces, in 
those constantly exposed to the weather, flat faces and noses, large 
cheek-bones, and oblique eyes, as we find, both in the Mongols and 
in the Hottentots. Where, again, the climate is mild and steady, 
with an absence of high or cold winds, the features are remarkably 
regular, as in many parts of western Asia and southern Europe. 

Food has much influence on the form and expression of the coun- 
tenance ; for where that is very gross and impure, the features are 
heavy, and the expression unanimated. Pursuits and habits have 
also a very powerful influence. When the inhabitants are occupied 
exclusively with their more pressing physical wants, and the gratifi- 
cation of the grosser appetites, the organs of the senses become un- 
nSually large, and the brain small. Hence the large mouth and pro- 
jecting jaw, and the retreating forehead and compressed skull of the 
Guinea Afirican. But among the Mandingoes and Gubers, where the 
Mohammedan religion has introduced some mental culture, and less 
debasing habits, the head exhibits a similarity to the Iranian form. 
The case of the Turks, already mentioned, is another striking in- 
stance.* 

We are told that negroes existed in the dap of Rhamses III., or 
Sesostris, king of Egypt, and that national features appeared then as 
they do now. But according to Hale's chronology, which is allowed 
on all hands to be much more accurate than Usher's, the deluge hap- 
pened 3,155 years before Christ, while Rhamses lived only 1,665 
years before Christ ; and therefore the intervening period of nearly 
1,600 years was abundantly long to allow national peculiarities to 
«)pear. A much shorter period has sufficed to transform the Mongol 
Toorkman into the Iranian Turk, and the thoroughly Mongol Huns 
of the year of grace 888, into the completely Europeanized Magyars 
of the year 1 850. When the circumstances and habits of a nation 
remain unchanged, instead of any approximation to others placed in 
different circumstances, their peculiarities are apt to become more 
and more striking with the progress of time. 

* It i3 not a little remarkable that the head of a Turk — a man of Mongol 
descent — should be generally chosen as the best instjince of the Iranian pecu- 
liarities ; and that authors, in speaking of the superior beauty of this race, 
•hoiild refer to tlie Circassians particimrly, axKy^i '!A.aGig^\f&^ 
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§ V. — LOHOEYITT OF MaK. 

It appears that the air of open and elevated plains and momi" 
tains is condudve to longevity. The same thing may be said of an 
insular atmosphere, which is alwap renovated by the breezes from 
the sea. Russia, 'SonfSij, Sweden, Denmark, Sootland, Ireland, and 
Switzerland, are countries which furnish the most numerous instances 
aiid the most authentic examples of men and women whose lives 
extended beyond the jxriod of 100 years. One of the most re- 
markable instances in modem times is that of Colin McCrain, a 
native of the Isle of Jura, on the west of Scotland, who kept 180 
christmases in one house, and appears to have hvcd several years 
beyond that age. In these countries we may reckcm the centenarian 
for every three or four thousand individuals. But there are many 
other countries in which longevity is oomnx>n. Pliny mentions that 
part of Italy which reacho:) from the Appenines to the Po, and 
from Placentia to Bologna, as containing, m the time of Clandins 
and Vespasian, a great number of men from 100 to 150 years of 
age. Examples c^ a lite of 150 years seem to be common in most 
countries. England has furnished several examples of men who 
exceeded this period, such as Parr and Jenkins. Hungary, which 
is not a very healthy country generally, has produced many 
instances of great longevity. Czartazan lived to 185 ; and John 
Rivin to 172, with a wife 104, and a son 117. These all inhabited the 
Bannat of Temeswar, a very marshy district A calm and temper- 
ate life, with regular habits and a pure Atmosphere, appears to bo 
best calculated to produce longevity ; and tlierefore it is not im- 
probable that in the ages of patriarchal innocence, the period of 
150 or 200 years was more commonly attained than in our times — 
the simple mode of life, the absence of carking cares and disturbing 
passions, and hnng constantly in the open air, contributing greatly 
to this end. 

It is sometimes supposed that cold climates are more favorable to 
longevity than wann ; but, if we except marshy districts, this does 
not seem to be the case. Instances of great longevity seem to be 
as common as anywhere among the West Indian Negroes ; and we 
are told of one neoress who attained the aoco of 175. White men 
do not live long in warm climates because their constitutions are 
not adapted to them. 

Araonu: the causes unfavorable to health and longevity, may bo 
mentioned luxury, intemperance, war, and indigence. Luxury and 
intemperance are injurious by inducing mental and corporeal d- 
bility, mth a host of di.se:ises : war selects the hardiest and strongest 
men, and consigns them to speedy destruction, while indigence ex- 
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poses its subjects to tiie evils of scanty and unwliolesome diet, cold, 
dose and diunp dwellings, the want of proper medical treatment^ 
and insufficient clothing. "• The golden mean" seems best adapted 
to produce long life and exemption from disease. Thus we leani 
from the Statistical Journal (for March, 1845,) that the average 
duration of life, in England, at the age of 20, is 38 years for the 
peerage, and 40 for ul England, while in the county of Surrey, 
which is inhabited chiefly by farmers, it is 42. In the dty of Lon- 
don, it is only 36, and in Liverpool, 33. The evil results of poverty 
are seen from the average age of death among different classes in 
the county of Rutland, as given in the Poor Law Commissioners' 
Report to the British Parliament, in 1842. That of professional per- 
sons and the gentry, was 52 ; that of tradesmen, 41 ; and that of 
mechanics and laborers, was only 38. Li the town of Manchester, 
the case was much worse, the ages of the three classes respectively 
being 38, 20, and 17 ; so that the average of the poor was not one 
half that of persons in comfortable circumstances. The state of 
matters in this country seems to be precisely the same. At Dor- 
chester, (Mass.,) from 1817 to 1844, the average duration of life 
among the lowest class of operatives, was 27 /^ years ; among 
mechanics on their own account, 29^ ; among merchants, profession^ 
men, and capitalists, 33 f^, and among farmers, 45 1%. The ^mulies 
are in all cases included. 

It is a common opinion that the average duration of life has 
been decreasing constantly since the days of Noah to the present 
time. But this is by no means the case : — we have got far beyond 
the turning point ; and it has been generally increasing throughout 
the dviUzed world for centuries, as we know from the frmeral regis- 
ters kej>t in various parts. In the city of Geneva, where such a 
register has been carefully kept for nearly 300 years, the mean 
duration of life has been steadily increasing since 1560. From 
that date till 1600 it was 21^ years ; during the next 100 years, it 
was 25f years; from 1701 to 1760, it was 32-J years; and in 
1833, it was 45 A, being more than double that of the first period. 
At Rome, the mean duration of the life of citizens, from the time 
of Servius Tullius, who died B. C. 534, to the days of Justinian, 
who died A. D. 565, is estimated at 30 years, while, among the cor- 
responding class, in Britain, at the present day, it is fifty years. In 
1801, the annual mortality, in Britain, was 1 in 44.8 ; in 1811, it 
was 1 in 50 ; and in 1821, 1 in 58, In London, the annual mortality 
in 1751, was 1 in 21 ; and in 1821, it was 1 in 40. Similar changes 
have been observed in France and Sweden. Owing to the more 
luxurious livini^, more dissipated habits, and less pure air of cities, 
the average duration of tife is uniformly much less than in the 
ooantry. M. Quetelet, in his work " On Man," gives^ from, a vox^ 
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large collection of cases, the annual number of deaths in dtiea aft 1 
in 36.9, while in the country it was 1 in 46.9. GitieB, however, 
differ widely in regard to longevity. Thus, at Philadelphia, the 
annual number of deaths is about 1 in 46, of tiie whole popula- 
tion ; at New York, 1 in 38 ; at Boston, 1 in 41 ; at Paris, 1 in 32 ; 
at Konie, 1 in 25 ; at Amsterdam, 1 in 24 ; and at Vienna, lin 22. 

llio increased duration of human hfe is undoubtedly attributable 
to a greater attention to the rules of health, and improved medical 
treatment of disease. As the laws of health are stiU very little 
understood or attended to by most of mankind, and they are now 
bcfrinninir to turn their attention to them, there is no doubt but 
future generations will attain a degree of longevity which many of 
the present would hardly credit, and which will render the great 
ages of the patriarchs no wonder to them. 

It is a common opinion that winter is healthier than summer : bat 
the sure test of a register shows that the case is exactly the reverse. 
M. Quetclet has shown that the greatest number of deaths occur in 
January, the coldest month, and that it diminishes regularly till 
July, the warmest month, when it again increases with equal regu- 
larity till January. This is true of the young as well as of the 
aged. Some epidemics prevail most during the summer: butaU 
causes of death taken together are most powerful in winter. We 
formerly mentioned that the dry winds which blow from the Afifi- 
can desert contain no poisonous gases : we may now further men- 
tion, in confirmation, that when the harmattan bloves on the 
Guinea coast, all epidemics disappear, even small-pox ; and in the 
Sahara, epidemics are almost unknown. Literary pursuits are gener- 
ally favorable to longevity, always excepting those connected with 
the newspaper press. 



§ VI. — Language. 

Man is the only creature that possesses an articulate language. 
This faculty of expressing ourselves by words which are the signs of 
our ideas insures the constant exercise of memory. Language, con- 
sidered as a moral and physical faculty, appears to be innate in 
man's constitution, but the choice of sounds and their modifications, 
must have depended upon his will. Natural logic has unquestion- 
ably had its influence ; and in addition to it, the passions of indi- 
viduals, their habits, the delicacy of their organs, the nature of the 
climate, and the state of society, would all contribute to promote 
these eftects. 

The primitive tongues, possessing a very scanty stock of words, sim- 
ple as the manners of those who spoke them, would naturally be loBt> 
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by becoming confounded with the more perfect dialects \7hich sprang 
from them — just as the primitive nations have disappeared by merg- 
ing in those nations celebrated in history, to which they had originaffy 
given birth. Although the attempt to discover the primitive 
tongues appears to have been abandoned, philologists still do not 
dospair of fixing the niunber of mother tongues ; that is, of those 
which, in their vocabulary and grammatical structure, present to us a 
character independent of every other tongue. These mother tongues, 
as they suggest the possibility of a common origin, from their 
e\^ncing some distant traces of resemblance, form among themselves 
femilies, without any of them being able to claim pre-eminence in 
point of antiquity. We shall first mention that history clearly 
proves that the Hebrews, Indians, and Greeks, were at least as ancient 
as the Ethiopians, Celts, or Chinese. 



§ Vn. — ^Indo-Atlaihic Aio) Detachbd Lanquages. 

The Sanscrit prevailed anciently from one end of Hindostan to 
the other ; and most of the spoken dialects of that country are de- 
scended from it The Sanscrit itself has long been a dead language ; 
but it is very interesting to the philologist on account of its high 
antiquity, and its connection with the languages of ancient and 
modem Europe. Besides a certain number of roots, or original words, 
which the Sanscrit has in common with the Greek, the Latin, the 
Gaelic, the Welsh, the Sclavonic, and the Germanic tongues, it dis- 
plays also, in its numerous declensions, and its extended conjugations, 
the most striking affinities to these mother tongues of Europe. This 
is the language of the sacred books of the Brahmins. The Balij 
Bsdd to resemble the Sanscrit, is the sacred language of the Boodhists, 
who are found in southern and eastern India, Thibet, and China. 

Persia presents us three ancient languages. The Zmd, which ap- 
pears to have been the language of ancient Media, is the sacred 
language of the Guebres. The Pelhevi was the language of ancient 
Persia ; and the Parsee was a more modem dialect, "mience chiefly de- 
scended the present Persian, which is, however, intermixed with 
many Arabic words. It has also lost most of the inflections of the 
older languages. The Koordish is a very ancient language, still 
spoken, similar to the Zend. 

The Oreek tongue belongs to those of which we know well the 
different species. The Greek had four dialects. The Dori4i was 
spoken in many parts of northern Greece and the Peloponnesus, and 
by the Doric colonies in Sicily, Italy, and Asia Minor. It was a 
rough dialect, and contains only the works of Pindar, Theocritus, 
Bion and Moschus, with a fewfragments. Thft iUoUc^^V^s^ <:^«mi^ 

14 
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KBemUed the Doric, was spoken in Aetolia, IlifiaBalj, BoBotia, and 
Aeolis in Asia Minor. It contains nothing but a few poetical frag- 
ments. The Ionic was spoken in Ionia, a Greek colony in Ana 
Minor, and in the isles adjacent It was a very rich and hiurmoniona 
dialect This is the dialect of Homer, Hesiod, Herodotus, }£ppo- 
crates, and ApoUonius of Rhodes. The Atticj which originallj 
agreed with the Ionic, but afterwards greatly differed, was spoken 
only in Attica, the district containing the city of Athens. Ijiis is 
the dialect of all the distinguished writers not already mentioned, 
such as the tragic poets, all the orators and philosophers, Thucydides, 
Xenophon, Polybius, etc. After the time of Alexander the Great, 
this dialect, slightly altered, was written and spoken generally through- 
out the Grecian territories ; and all authors used it exclusively, ex- 
cept a few epic poets, who used the Ionic It was this Attic dialect 
that was spoken in Palestine in our Saviour's time, intermixed with 
several foreign words and idioms, derived chiefly from the Syro- 
Chaldaic, still commonly spoken by the Jews, and from the Latin, 
spoken by the Romans, who ruled the country. The Greek language 
excels, in copiousness, precision, and harmony, all other ancient lan- 
guages ; and the immense treasures which it contains render it the 
most important of them. Among these, we must mention the New 
Testament, the whole of which was written originally in that mo(U- 
fication of the Attic dialect which we have just described, and whidi 
is sometimes termed Hebraic, and sometimes Hellenistic Greek. The 
Attic Greek was spoken with some degree of purity at Constantino- 
ple, by the educated, till that city was taken by the Turks in 1453. 
After that time, it was so nmch corrupted as to be called by another 
name. It is now termed Romaic, a dialect spoken not only in 
Greece and its isles, but by the Greek inhabitants of Turkey, who 
number several millions. 

The Latin has generally been considered only a dialect of the Greek; 
but a more careful and extensive survey has dispelled this illusion. 
It has in fact preserved old forms much better than the Greek. It is 
not, however, an unmixed language ; for it contains many Cymraeg, 
or Celtic words, derived probiibly from the Sabines, who were a Cel- 
tic race.* It also contains several words borrowed from the Greek. 
The Latin was spoken originally only in the western part of central 
Italy ; but the conquests of the Romans introduced it into Gaul, 
(now France,) Spain, Portuiral, and some parts of G^mnany and 
Turkey. It was the general languaije of the learned throuorhout 
Europe, from the sixth to the sixteenth century ; and it is still very 
frequ«»utly employed in learned treatises. It is generally calk^ a 
dead lanLCUH'^e ; but tills i^ true only in one sense ; for it is still 

* See an elaborate proof of thi.^, by Arch leacon Willia'n^ in the Tratuac' 
-'of the Roijal Society of Edinburgh. — Vol xiil pp 494 to 663. 
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spoken by many, even of the common people, in Hungary and Po- 
land ; and it is a very firequent medium of intercourse in Turkey, 
bein^ almost the only European language that is acquired by any 
considerable number of the Turks. On account of the extensive 
treasures of learning which it contains, and the very extensive influ- 
ence it has had in the formation of mod^m languages, it is the most 
important language of ancient Europe, next to the Greek, over which 
it possesses the advantage of containing no variety of dialects. It 
seems to have been introduced into Italy from the eastern Alps, by 
a branch of the Indo-Atlantic race called Pelasgians, who were also 
the principal progenitors of the Greeks. The Skj/pe, or Albanian^ 
still spoken by the Amauts, appears to be another Pelasgic language. 
Another language of the same stock is the Onelic, the language of 
Ossian and & heroes, still spoken in the Highlands of Scotland, the 
Hebrides, and a great part of Ireland and the Isle of Man. This 
language is often classed with the Cymraeg, but it differs very widely, 
and besffs a closer affinity to the Latin. It was introduced into Scotland 
from ancient Belgium, whither it appears to have come from the 
same quarter as the Latin into Italy ; and from Scotland, it passed 
into Ireland, where it superseded the Cymraeg, which was spoken 
there before. In Scotland, it adopted some Cymraeg and Scan- 
dinavian words. 

The Cymrwg^ or Cdiic^ was the language of the Gauls, so con- 
spicuous in the Roman annals. It is still spoken in Bretagne, a prov- 
ince in the west of France, under the name of Armoric or Bas 
Breton, and in the principality of Wales. It was formerly spoken 
in the south-west of England, but became extinct there a little more 
than 100 years ago. This dialect was called the Cornish. The 
Cymraeg is probably the first Indo-Atlantic language introduced into 
Europe. 

Li the Basque provinces, in the north of Spain, and in the south- 
west of France, are spoken dialects of a language which has been 
often classed with the Celtic, called the Basque^ or Ghiipuscoan, But 
it does not belong to the Indo-Atlantic languages at all. It is a 
remnant of the language spoken by the Iberians, or first inhabitants 
of Spain and Potugal, and was probably introduced from Africa. It 
will likely be found allied to the language of ancient Mauritania or 
Morocca Some of the Iberians seem to have found their way into 
Britain and Ireland before the Celts entered them ; and these appear 
to have borrowed some words from their lanffuaorc. The Si lures of 
South Wales are thought, by Tacitus, to have been an Iberian race ; 
and the stories of the Milesians in Ireland, probably owe their origin 
to Iberian colonies. These were blended >vitli the Celts. 

Some of the most important languages of modern Europe are 
those descended from the Latin. The ItoUian ia si^kj^n tktc>\^gcL^ 
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Italy, a part of Switzerland, and in several of the isleB of the Med* 
iterranean. A corrupt dialect of it, called Lingua JFVanca^ is spoken in 
the sea-ports of the Levant. It is Latin, with the words contracted 
and softened, and mixed with some German and Greek words. The 
French is sjx^ken throughout most of France, a great part of Bel- 
gium, and the north-west of Switzerland. It is the common lan- 
flruage in Lower Canada ; and it is not jet extinct in New Orleans. 
it is very much used all over Europe, as the language of courts ; and 
it abounds with profound scientific works. It is Latin, intermixed 
with Celtic, Gjielic, and German words, and greatly abbreviated in 
the pronunciation. The Spanish, or Castilian^ is spoken throughout 
Spain, except in the Basque provinces, in Mexico, Central America, 
Cuba, Porto llico, and all the Euro}>ean settlements in South Ame^ 
ica, except Brazil. The Spanish resembles the Latin more than any 
other language sprung from it, although it contains Basque, Celtic, 
Gk)thic, and Arabic words. The Portuguese is httle more than a di- 
alect of the Spanish : it is spoken in Portugal and Brazil The 
Wallac, or Boumoneek, is another Latinic dialect, intermixed with 
Greek, Gothic, Turkish and Slavonian words : it is spoken in Wal- 
lachia, Moldavia and Transylvania. All the languages sprung from 
the Liitin have greatly altered the inflections and syntax of the 
parent language. Last, but not least, of this class of languages, we 
must mention the English. The original basis of this language was 
the Saxon, anciently spoken in the north of Germany : but tLit 
tongue was much altered by the dialects of the Jutes and of the 
Angles, who belonged to the Scandinavian race. The Danes after- 
wards introduced more Norse. It also borrowed many words from 
the Cymraeg and Gaelic of the earlier inhabitants of Britain. This 
fusion i)roduced the British Saxon, or Anglo-Saxon. The conquest 
of England by the Normans, in the 1 1th century, introduced a very 
great number of Latin words, in a French form ; and the use of 
Latin by churchmen and lawyers, introduced many more during the 
middle ages. These changes, accompanied with equally extensive 
changes in the grammar, altered the language, and produced what 
is called, rather improperly, English. The language of the Angles 
forms only a small part of it. Many words are still Saxon ; but a 
much greater number is Latin.* A great number even of the com- 
mon terms are taken from this language, — such as mountain, river, 
ocean, air, uncle, aunt, nephew, niece, <fec. Since the revival of 
learning myriads of additional words have been introduced, chiefly 

* It has often been said that most of the English is Saxon ; but if any per- 
son will take the trouble to count tlie words in a Saxon and an English Dic- 
tionary, and make allowances for Saxon words dropped, and for other words 
besides Latin introduced, he will find that the Latin words are at least three 
to one. 
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from the Latin, and partly from the Greek, French, ^c, so that, if 
not a very uniform, it is at least a very copious language ; and it 
bids fair, in the course of a few centuries, to be spoken by more peo- 
ple than any other language in the world. It diflfers from the French, 
Italian, <&;c., in having a Germanic foundation. Its literature is ex- 
tremely rich and valuable, in almost every department, and distin- 
guished for sound sense, and an absence of dreamy speculation. The 
hmguage is well adapted to every kind of subject Altogether it is 
the most important of living languages, and is hkely long to con- 
tinue so. 

Of the Slavonic tongues, which are spoken over more territory 
than any other European language, there are two classes : the south- 
eastern and the north-western. To the former, belong the Human^ 
Rusniak^ Bulgarian, Serviany Bomian^ Dalmatian, Croatian, and 
Wendiah : to the latter, the Polish, SHenan, Bohemian, Moravian, 
Slowakian, and Sorbian, To the Slavonic tongues belong the an- 
cient Lettish, and Lithuanian. The Hterature of all these languages 
is not veiy extensive, or of much general importance. 

In the class of Germanic tongues, a very ancient division is per- 
ceived. The Frisian, or Dutch, Saxon, Anglo-Saxon, and German, . 
form the Teutonic branch, to which also belonged the ancient Jlfaeso- 
Gothic, whilst the Icelandic, or Norse, the Swedish, and the Danish^ 
constitute the Scandinavian branch. The German is spoken through 
most of Germany, in German Austria, the eastern part of Switzerland, 
and some of the French departments on the Rhine. It is very , rich in 
works on languages, divinity, history, and antiquities. The Dutch 
is spoken in Holland and its colonies. The Saxon, and An^lo-Saxon, 
may be considered dead languages, although the spoken dialects of 
northern Germany greatly resemble the Saxon. The Icelandic, or 
Norse is spoken in Iceland, and the more remote and rural parts of 
Norway. The Swedish is chiefly confined to Sweden ; it differs very 
little from the Danish, spoken in Denmark, and the more populous 
parts of Norway. 

In the n(»rth-east of Europe, we discover scattered remains of the 
great Scythian tribe of languages. To this class belong the Lapponit, 
and the Finnish, together with the Fsthonian, the Livonian, the 
Permian, and various other dialects, spoken along the Uralian Moun- 
tains, and the Volga. The Hungarian, or Magyar, originally from 
the neighborhood of the Caspian Sea, is said to exhibit a great £unily 
likeness to these languages. 

The Caucasus, situated in the centre of those regions where the 
Indo- Atlantic languages prevail, far from presenting to us the com- 
mon source whence these derived their origin, interrupts their chain ; 
and, in the Georgian, Circassian, Armenian, and some other dialects, 
furnishes us with a distinct &imly, ot lalilbfiii: ^tk^^ ^l ^w\s g wtf g^ 
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fitUe known, but nnquestionably of great antiqtufy. The Gncaflnan 
18 of the Tartar daas, and the Armenian b related to the Lkb- 
Atlantic 



§ VULL — ^Abamaio or Stbo-Arabio Langitaoes. 

If we extend our view to Syria, Mesopotamia, Arabia, and Abys- 
lima, the Aramaic or Sjro-Arabic languages draw our attention, bj 
the renown of their ancient civilization, the abundance of guttaral 
Bounds, multiplied inflections, vast store of words, and general sim- 
plicity of structure. Such appear to be the characteristiGs of these 
tongues. 

The Arahicj with all its descendants, occupies the widest field. 
Dialects of it are current all over North Africa and the Sahara. It is 
the language of the Fellahs, who form the main population of E^ypt 
The Gheez and Amharic dialects are spoken in Abyssinia, and diffe^ 
ent branches of the Arabic extend along the eastern coast of Africa. 
It is spoken throughout Arabia ; and by means of the Koran, it has 
spread through Turkey, Persia, Tartary, and India. 

The Hebrew was spoken by the people of that name till the Baby- 
lonish captivity, soon after which it became a dead language. After 
their return from captivity, the Jews spoke Syro-Chaldaic, although, 
after the time of Alexander, Greek became common. The learned 
among the Jews continued to write and speak Hebrew almost to the 
present day. It is an impure dialect, termed RcLbbinic, The Syro- 
Ckaldaic was nothing but Chaldee, intermixed with some Hebrew 
peculiarities ; and indeed it differed so little from Hebrew that it 
might almost be called a dialect of the same language. It is this 
Syro-Chaldaic that is called Hebrew in the New Testament. The 
Chaldee was spoken in Chaldea and Babylonia, down to modem 
times ; but it is now extinct. The Old Testament is all written in 
Hebrew, except a few chapters and verses in the books of Ezra, Jere- 
miih, and Daniel, which are in Chaldee. The ancient Syriac differed 
so slightly from the Chaldee that it was essentially the same language; 
the latter was called Uast-Aramean, and the Syriac the West-Arameanj 
Aram being the vernacular name for Syria. It was spoken through- 
out Syria and Mesopotamia. It is still spoken in these regions, though 
not exclusively, and also among the Nestorians, in Persia ; but it is 
so much altered that the ancient language is unintelligible to the 
common people. The Aramean language resembles the Hebrew 
more closely than the Arabic does ; and hence it is of more use in 
illustrating the Old Testament. But as the literature of its two dia- 
lects is scanty, while that of the Arabic is abundant, the latter is 
more studied bj scholars. 
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The Samaritan dialect, spoken by the Samaritans, is essentiallj 
the same as the Syro-Chaldaie, but contains a larger intermixture <H 
Hebrew. It is now nearly, if not quite, extinct 

The Phenician, spoken in ancient Tyre and Sidon, of which the 
Punic or Carthaginian was the most celebrated branch, was also an 
Aramaic language ; and the low Arabic M^tese is thought to pre* 
serve some remains of this dialect. There is nothing extant of the 
old languages except a few inscriptions. 

As some of the nations that spoke the Aramaic languages de- 
scended from Shem, this stock is sometimes distinguished by the ' 
name Shemitic, while the name Japhetic has been given to the 
Indo- Atlantic languages. By admitting this denomination, we are 
obliged to attribute to the descendants of Ham all the other lan- 
guages on the face of the globe, from the Tschudic to the Mexican, 
uiough we know the Canaanites and Phenicians, Ebim's descendants, 
actually spoke dialects of these, so called, Shemitic languages. Th« 
terms are improper ; and they are beginning to be laid aside. 



§ IX. — ^MOKOSYLLABIO AND TARTAR LaNOUAOSS. 

The languages of eastern Asia are chiefly of the Monosyllabic 
dass, and dijffer veiy widely from that of the Indo-Atlantic. They 
comprehend the Thibetan^ the Chinese^ the Burman, or Avan, the 
Peguan^ the Siamese, and the Aruimic, which is the language of 
Cambodia, Tonquin, and Cochin China. All these languages are 
more or less deflcient in contrivances for marking the cases, genders, 
numbers, moods, and tenses. Those who speak the mare omiged to 
supply the absence of grammatical forms by intonations and gestures. 

To this class belong the Corean and Japanese, both of which 
closely resemble the Chinese. The Pooshtoo, or A%han language, 
is peculiar, and probably has an affinity to the Aramaic. 

The north of Asia contains three or four kinds of languages, said 
to be superior to the preceding class. The Toarknian,* Bticharian, 
and different kindred dialects, are spoken from the Crimea and 
Casan to Tobolsk and Samarcand, and in several parts of Persia. 
These are termed the Turco-Tartarian languages. 

•Tlie Mongolian language, which is said to be deficient in gram- 
matical combinations, but to possess complete declensions, and to 
abound in vowels and harmonious sounds, is spoken by the Kalkas, 
Elutlis, and Kalmucs. The Mantchou, or Mandshurian language, 
though full of monosyllabic words, is said to possess a very com- 
plete and varied grammatical structure. The Tongasian is a kin- 
dred dialect. These are spoken through eastern Tartary and cen- 

* T2ie I\frki8h is only a dialect oi 1^^SJ^SQ9^5^ 
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tral Siberia. The three preceding classes are all related. The first 
might be called the West Tartar ; the second, the Central Tartar; 
and the third, the Eaxt Tartar, Through northern Siberia are 
spoken several languages — such as the Samoyede^ Yakut, and 
KoriaJe, These are said to be related to the Tartar and finnish 
languages : but we possess very Uttle reliable informatian regarding 
them. 



§ X. — OOEAKIO AKD AFRICAN LaNOUAOKS. 

The Oceanic countries, from Sumatra to the Marquesas, present 
us with a series of dialects which have all a relation to the M(day^ — 
the language of Malacca. Dialects of the same kind are found 
in Madagascar, among the Malagaysy. The Toffalicy and the 
Biaago, of the Philippine Islands, are found in the Molucca and 
Marian Islands ; and traces of them are found in New Zealand. 
Dialects of a language termed the Tahitian are distributed tiuxHidi 
the small islands of the Pacific Ocean. More to the west, ue 
Papuan tribes of New Caledonia, Papua, Australia, and Tas- 
mania, speak dialects which form a separate stock. These languages 
present a more finished structure than the condition of those inio 
speak them would lead us to expect 

The languages of Africa are little known, comparativelj speak- 
ing, and have appeared innumerable to strangers and tTavelleis. 
But this opinion arose from the difference of pronunciation. The 
languages of Benin, Congo, Dahomey, and Nigritia, present the 
same combination of consonants, and many conmion words. The 
language of the Berbers, in the north of Africa, appears to be the 
remains of one spoken along Mount Atlas, and the Mediterranean, 
in very early times. The Coptic^ a remnant of the ancient EWptaan, 
is well known. South of the Mountains of the Moon, all the lan- 
guages, except the Hottentot, are similar, and distinguished by the 
great prevalence of the initial mp. They are termed the Mpcmgwe 
languages. 

At the southern extremity of this part of the world, tiie Hotten- 
tots speak a pecuHar language, full of clicl^igs and shakings of the 
tongue, which produce sounds similar to the cries of small birds. 

Recent researches lead to the conclusion that all the African 
languages (omitting Arabic dialects) are so closely connected as to 
form one class, and that they have a marked affinity to the Aramaic 
languages. 
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§ XL — ^Americait Lanouaoxs. 

Humboldt thinks that a great number of the American lan- 
guages are independent of one another. But subsequent researches 
kad to a different conclusion. They all exhibit the polysyllabic 
structure. An immense number of single words is strung together 
to form one, so that, as John Eliot said, " they seem to have been 
growing ^ce the creation.'' They are therefore classed together as 
the Polysyllabic Languages. 

The Toultec, the Huaztec, and the Aztec, were successively cur- 
rent in Mexico, before its conquest by the Spaniards. These lan- 
guages, in which a laborious search has been made for some affini- 
ties to the Mongolian languages, are extremely complicated, both in 
their etymolc^, and their syntax ; and the same remark applies to 
many of the American languages. The Aztec is the most prevar 
lent in Mexico at present The Cherokee^ Iroqtwis, and Algonquin^ 
or Huron, appear to be the most widely extended of those that are 
spoken between Hudson's Bay and &e Gulf of Mexico. These 
are comparatively meagre and plain, though by no means sin^e. 
The Iroquois is remarkable for the total absence of labials. The 
JEsquirnaux or Karalit, which is current over the polar region^ has 
been found to be the same as the Tschudic of eastern Siberia. In 
South America, the Caribbee, a sonorous language, prevails to the 
north of the River Amazons, as it did formerly in the West Indies. 
Several ancient dialects, r^ular in their composition, have disap- 
peared, in New Granada, Quito, and Peru. But the Quichua, the 
language of the Incas, remains in general use among the Peruvians, 
and in the adjacent regions. The Guarran language is so preva- 
lent in Brazil and Paraguay, that the Spaniards and Portuguese, 
even in several of the towns, speak no other. Different dialects, 
little known, exist in Chili, and in Patagonia. The Araucaman of 
southern Chili is said to be remarkably rich and harmonious. The 
Fetcheres, in Terra Del Fuego, have a dialect peculiar to Uiem- 
selves. 

The late Mr. Duponceau, who examined the American languages 
long and attentively, declared them astonishingly copious, and com- 
plex in their structure. They are also said to be much less irr^ular 
in thdr f<»rnis than European languages. 
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§ Xn. — ^Number of Lakguaobs* 

In the preceding sections we have passed under review all of the 

principal bngnages spoken by the human lafift. ^o*^ m^ ^^ ^-^ 

Id* 
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fefeiice in the scale between the Chinese and the Ghreek. For the 
first di>?s not distinguish the singular from the plural, whereas the 
latter expr'jrs&es the most subtle and profound thoughts, with precis- 
ion and enerjry. 

There are languages, again, which have no words to expien im- 
perceptible objects, such as God, and the souL 

The whole number of languages in the world has been veiy 
yariously estimated. One enumeration makes 876 languages. Of 
these, 153 belong to Asia, 53 to Europe, 115 to Africa, 111 to 
Oceanica, and 438 to America. 

Another computation, however, makes their numb^ as follows :— - 
to Africa 276, to Europe 545, to Asia 991 : the total 3,026, indndr 
ing Oceanica. 

But of these, only 72 ori^nal languages are enumerated Ij 
others, the preceding number being made up by counting mere 
dialects as distinct languages. 

There are only 12 languages which are known to be spoken ovtf 
a great extent of country, or by a great number of persons, vix. :-^ 
5 Asiatic — Chinese, Arabic, Turkish^ Persian, and Hindustani; 5 
European — English, French, Russian, Oerman, and Spanish ; one 
African — ^the Mpongwe ; and one Oceanic — the Malay, 



§ Xni. — Social Condition of Nations. 

With respect to the condition of society, nations may be distributed 
into three classes — savages, barbarians, or half-civilized, and civilized. 
Every class admits of various degrees. 

Savages are those who are ignorant of the arts connected with 
civilized life, of writing or of communicating their thoughts by means 
of conventional signs, of the art of calculation by numbers, and of 
everything that can properly be called science. Worst of all, they 
are ignorant of their own origin and future destination, of the laws 
which govern their nature, and of the true character of its Divine 
Author. They are like children in point of character ; and their 
vague, imsteady ideas are attached only to objects which strike their 
senses. But their particular customs and modes of life greatly vary. 
Some cover themselves with rude ornaments, while others wear 
hardly any. Some are passionately fond of dancing and rude mu- 
sic, of the chase, and also of athletic games, such as ball-plays and 
foot-races; and some have national war songs to stimulate their 
yoo- o^iry f^ battle, and war dances, in which, with many grotesque 
' Q^e previous to leaving home, and after their re- 

- / ' , ^veral of the Indian tribes have also a time of 

'^ . en ihft mraaft ox liidissLQOTi!L«n!(j^ which thej 
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celebrate by a particular kind of dance, called ^ the green com dance." 
Others appear to have scarcely any hilarious exercises. 

In all that requires mere physical endurance and suffering, the 
Indians were formerly supposed to surpass civilized nations, especially 
in the power of abstsdning from natural food, whenever it became 
necessary to attain an object by doing so. But a closer acquaint- 
ance wiUi them has shown this opinion to be erroneous : the white 
trapper, in this respect, excels the Indian. Yet the latter supports 
pain with a d^ee of insensibility which must be attributed to 
greater obtuseness of sensation. Their industry is usually confined 
to a little gardening, to fishing, and especially to hunting ; for the 
chase constitutes not only their chief amusement, but their principal 
mode of livelihood. They exhibit also great ingenuity in the'man- 
Q&cture of articles of domestic use ; as pottery, bead-belts, baskets, 
hammocks, moccasins, and implements of war. Their wisdom might 
be considered as manifesting itself chiefly in council, where they as- 
sembled to deliberate upon the most effectual methods of attacking 
their enemies, whom they pursued in the most crafty and stealthy 
manner ; they frequently surprised them under cover of the night, 
and consigned their sleeping feimilies to the horrors of conflagration, 
perpetrating on their captives the most shocking cruelties. Such 
atrocities have fortunately passed away, with a few rare occurrences. 
Some savages devour their enemies, otiiers mutilate and even impale 
them, and some sacrifice them to their idol gods. Yet even the 
most savage and degraded exhibit some traces of the immortal 
mind. 

It is instructive to compare the taciturnity, resolution and constant 
feelings of the North American Indian, witli the loquacity, irresolu- 
tion and fickleness of the Polynesian. This shows how worthless are 
the minute descriptions applied by many authors to all savages. In 
no condition shall we find such striking differences, both of circum- 
stances and character. 

The class of barbarians, or half-civilized nations, comprehends 
eviery one which, by possessing a knowledge of writing, and several 
of the more useful arts, with some traces of science, have evidently 
emerged from the savage state ; but the knowledge which such a 
nation possesses, is as yet an indigested mass of incoherent observa- 
tions ; their arts are exercised, as it were, by routine, — ^their policy 
18 timited to the defence of their frontier, at the moment of danger, 
or to offensive operations conducted without a plan. Their progress 
is, in general, slow and uncertain ; because, even in advancing to- 
wards civilization, they have no proper conception of the great ob- 
ject at which they should aim. The most civilized nations regard 
the Turks, Chinese, and Russians, in the li^ht of barbarians : — ^y^^ 
perhaps^ thej are not so inferior as nationaL sfi^-^^ti^AXiVid^ ^j^^se^ 
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to suppose. NaUons are yery partial jadgea of thesr own social po- 
sition ; — aiiJ if the Spaniard be civilized, the Turk is not a barbankn. 
A civilizeil nation is one who lias arranged its knowledge into Uie 
fonu of sciences ; and who is governed by laws, in&tead of brute force 
and violence. The best criterion ever given, is that of Thucjdides, i^bo 
considers a nation civilized when men can go unarmed, because the kw 
protects them ; when they go armed for defence, they are, at leiu-t, 
barbarians. But high and Uiorough civilization can be obtained only 
by a nation in whicli Christianity, undefiled by superstition or cu- 
thusiasm, displays its proper influence, in the purification and eleva- 
tion of the pubhc morals ; — and who, consequently, in its intercourse 
with others, recognizes the great principles of justice, by acting 
in time of j>eace as the friend of every other state, and by respecting, 
in time of war, tlic property of defenceless citizens, and abstaining 
fix>m all deeds of %iolence which do not tend towards the main ob- 
ject of the contest 



§ XIV. — Influence of Country upon the Character of Na- 
tions. 

The nature of a country has, in the estimation of many, a decided 
influence upon the nrtues and vices of its inhabitants. It is said, for 
instance, that nations who hve in a very rigorous climate, are habit- 
ually more addicted to the use of strong and inebriating liquoriii, 
than those who reside in a temperate, or even a hot region. Tlie 
northern nations are also said to be constitutionally less liable to in- 
toxication, and to drink much larger quantities of strong liquors, 
without being ruined in their health and morals, than the inhabi- 
tants of countries which are exposed to the influence of a scorching 
sun. This has been said to be owing to the caloric, or natural heat 
of the body, being strenuously acted upon by the atmosphere, and 
passing off more rapidly, and in greater quantities, from their sptems, 
thus leaving, in its absence, a frigidity and debiUty which could not 
easily resist the action of the cold upon the hmbs, and therefore re- 
quired to be more or less supplied by artificial means. But our pres- 
ent knowledge of the action of alcoholic liquors, and the experience 
of arctic navigators, render this explanation ridiculous. Instead of 
alcohol being beneficial in extremely cold countries, there are many 
instances where a single glass of brandy cost the person who drank 
it his life ; and in the polar regions, total abstinence from all intox- 
icating liquors is rigidly enforced among seamen. Alcohol is imme- 
diately less dangerous in cold countries, owing to the more rapid es- 
cape of heat ; but for that very reason, it is more dangerous when 
the reaction seta in. It is also found, that intoxicating liquors are 
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quite as much used in wann as in cold countries. So, we had aa 
elaborate explanation of a fact which never existed, except in liha 
imagination. 

The northern nations are supposed to occupy a most elevated rank 
in the scale of lofty and severe acquirements, in all the exact and 
more abstruse sciences, and are celebrated for their habits of laboriotui 
application, and even painful study, — whole lives being often passed 
in entire devotion to the attainment of one single branch of a subject 
Instances of this are common amono: the Germans. Yet if we look 
at the extremely little real progress that has been made in many of 
the most important sciences, since the times of the ancient GreekSy 
we shall, perhaps, be apt to conclude, that more vigorous thought^ 
with less plodding and mechanical study, would have been better* 
It is remarkable that many of the most profound works — such as 
Newton's Principia — were written without any painfully protracted 
study. 

Southern nations are supposed to excel in the fine arts,^ to possess 
a melodious voice, a delicate ear, and musical taste ; a rich, harmo- 
nious language, exquisite refinement of sensibility, and luxurious pro* 
pensities, a superb configuration of form and feature, rich tints of 
beauty both of eye and complexion, and masses of flowing, or curling 
ebony hair, — ^and to be so indolent that even amusement becomes a 
toil ; while they indulge in sunny ease, light spirits, and buoyant 
feelings, which partake of the character of their sparkhng skies and 
mellow dime — gaiety being better understood ana appreciated here 
than in the heavy and gloomy atmosphere of their northern brethren, 
who have neither leisure nor inclination to bestow upon the lighter 
pursuits, or innocent recreations of life, and content themselves with 
beiii^ the manufacturers and merchants of knowledge, and of the 
mechanic arts, for the whole world. Yet this is only an instance of 
hasty generalization : and if we compare the plodding Chinese of 
Canton, within the torrid zone, with the Russian of Petersbuiff, 
near the arctic circle, we find the case, in a great measure, reversed. 

The affections and imagination of the southern nations are said 
to be more lively and more ardent than those of the north ; and the 
genius which cUstingmshes them, of a more poetic, tender, and ro- 
mantic character, than that of the inhabitants of a more rigorous 
climate ; whilst colloquial talents, a graceful oratory, and a varied 
and powerful fancy, shed a lustre upon their manners, which confers 
upon them the palm of elegance in social life. But we believe tiie 
negroes of Guinea, and the Indians of Brazil, are rather deficient <m 
most of these points, though they Hve directly on the equator. They 
are certainly inferior, in these respects, to the Icelanders. 

France is pecuHarly distinguished for her patriotism^ and her vie* 
iories, her poets^ metaphjsioians and phiLoBOfh«t%>Y)0t i3b0Bfii^^E&^ 
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her astronomers, and for being one of the most Iiighly adorned and 
smiling countries on the face of the globe. All nature smiles there, 
and amiability appears to bo the national characteristic The air 
sparkles witli wit, within the brilliant circles of the Parisian world, 
and life, happiness, and improvement, seem to invite the beholder to 
live forever. The noblest institutions devoted to science and educa- 
tion, which are munificently thrown open for the benefit of the whole 
world, enrich the precincts of this gigantic emporium, on every side ; 
and the faithful votary has only to pluck the fruits that hang so 
temptingly from the tree of knowledge, at every step, and sweetly 
realize his own immortality. Yet the picture has a repulsive reverse : 
for we find friendship is often professed, where it is not felt ; and the 
strongest apparent feelings and professions of to-day, are no guarantee 
for the conduct of to-morrow. 

Some of the preceding observations may teach the young reader 
to beware of beautiful theories, which do not accord with &cts. If 
we calmly look to these, we shall soon see the real state of the case 
in regard to dimate. In cold countries, the difficulties with which 
man has to contend, render him active, thoughtful, and circumspect; 
and he will not squander what ho laboriously acquired. If the cli- 
mate be extremely severe, it may require nearly all his energies to 
enable him to presen-e his existence, in which case he will exhibit 
very httlo general mental culture. In warm regions, the earth pro- 
duces so abundantly, and so little shelter or clothing is required, that 
there is much less stimulus to exertion, and much more time can be 
devoted to amusements, and mere accomphshments, if people are so 
minded; and men will be prodigal of what cost them little toil 
But as all cold and warm countries are not alike, neither are the in- 
habitants. That mere heat and cold have very little influence on 
character, must be evident when we reflect that the inhabitants of 
cold countries generally live in a temperature as high as the average 
of many warm countries. Thus the citizen of New York sits in 
winter beside his stove, in a temperature of about 70^ ; while he of 
New Orleans, at the same time, sits with open window, in a temperature 
of 63° or 64°. If one should point us to the cold and distant man- 
ners of the Laplander, and compare them with the gaiety and warmth 
of the Italian, we simply require him to compare the sprightly, 
hilarious Norwegian, with the stem, unbending, and ungenial old 
Roman. To arrive at truth, we must view both sides of a question. 

The loft-y mountains of Switzerland, in their snowy mantles, the 
sparkling glaciers, and the placid lakes, that adorn this beautiful 
region, seem to have imparted a portion of their own superior excel- 
lence to the moral development of the beings who live in hourly 
contemplation of their charms ; whilst they appear to have been 
intended as a natural barrier to shield innocence from the contami- 
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nation of a depraved and turbulent world ; and elevate to a nobler 
standard, the simple fiiith that has so long distinguished the children 
of this happy land, and preserved in its peace and purity, the reli- 
gion of their Others, ainid the storms of persecution that assailed 
and threatened to overthrow this beautiful monument of a nation^s 
gloiy. The happiest example we can offer of the true Swiss chanu> 
ter, is to be Ibund in the life and labors of the celebrated Oberlin, a 
preacher of the Protestant fiuth, who lived and died in the service 
of his parishioners, among the mountains and glaciers of the High 
Alps of Switzerland, in the daily exercise of the purest and deepest 
principles of the Christian faith, exhibiting in a luminous aspect, as 
through a mirror, the strict 8elf-<ienial and practical doctrines of the 
first apostles of Christ. 

Being above the evils of penury, and not above the necessity for 
daily toil, while they are not crushed by the iron rod of oppression, 
the Swiss character affords the most nun^rous and genuine speci- 
mens that remain to us of the primitive purity of habits and man- 
ners that belonged to the first ages of the Church, and so beautifully 
described by the early poets, as characteristic of the golden age of 
antiquity, which doubtl^ referred to the days of patriarchal simpli- 
dty^ when the wants and devices of man were few — when gold had 
not yet become a god, and virtue exceeded vice — ^when pastoral life 
furnished occupation, Uvelihood, and happiness to its quiet possessors 
— and while the howly associations of men's minds were confined to 
the glorious firmament, the seasons and their varied influences, and 
to all the other magnificent works of creation through which they 
read, as in an ample volume, the wonders and the love of the munfi- 
cent Creator of all ; and served and worshipped Him for Himself 
alone, yielding Him the unaffected and fervent homage of the heart 
and the understanding. 

The Swiss peasantry may bo called the shepherds of Europe ; their 
time being chiefly devoted to tending and rearing flocks and herds, 
and manu&cturing butter and cheese for foreign consumption. An- 
other class of the community are remarkable for their skill in the 
construction of clocks, watches, metronomes, and various other pieces 
of mechanism for the exact measurement of time, and also of musical 
instruments— especially that delightful little instrument, the accordion, 
which, in the wild melody of its tones, seems to have imprisoned 
passing mountain echoes, to let them escape at will. The grand, 
varied, and delightful scenery which surrounds them, seems to exer- 
cise an elevating influence on their character; and we find them 
exhibiting integrity, contentment, industry, an ardent love of the 
charms of nature, bravery, and a passionate attachment to their native 
mountains and valleys, and the romantic music of the peasant's horn, 
echoing through the precincts of their beloved hooiesy and which. 
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heard on a foreign strand, is said to melt the soldier to tears, and 
produce snch an influence upon his feelings, that the air has been 
prohibited among some of the Swiss regin^nts serving abroad, lest 
It should lead them to desert for home. 

The fiivored soil of Greece, from the earliest periods of literary 
antiquity, until the subjection of her gifted sons beneath a foreign 
yoke, furnished a rare example of the brave and the beautiful, the 
noble and the tender, the elegant and the profound. 

Such are the fruits of liberty. Had the Swiss been subdued by 
the Austrian in the middle ages, or had the Qreek of old bowed Im 
neck before the Persian, we should not to-day have so much to say 
of Uieir virtues. Nor were the brave deeds of Tell or Leonidas ben- 
eficial only to their own contemporaries. The memory of their an- 
cestors animated and sustained the Greeks of the present day, in 
their recent dark but successful struggle with the haughty Ottoman; 
and should the liberties of Switzerland be now threatened by foreign 
despots, tlie recollection of their fathers' valiant deeds would steel 
their arms to defend their country's rights, and maintain the blood- 
bought liberty left them as an inheritance. 

Tyrants should know that no time will effiioe the memoiy of lib- 
erty. The Greeks, in spite of the yoke of tyranny under which 
they were oppressed for 2,000 years, exhibited in their recent dread- 
ful struggle with a barbarous foe,* the manly character and republi- 
can spirit of their ancestors, of whom they proved themselves no 
unworthy descendants. 

The small town of Parga, whose unmerited catastrophe is an ever- 
lasting disgrace to those who effected it, repeatedly presented the 
spectacle of women taking up arms to fight for liberty. We know 
that Byron wrote — 

" 'Tis Greece, but living Greece no more 1" 

This line displays the black heart of him who penned it. Greece is 
living — a free, independent country, after havmg performed deeds 
not unworthy of her best days ; while Byron's grave contains the 
remains of one who died in the prime of life, the victim of de- 
bauchery ! He found the Greeks would not fall down and worship 
kim, or even elect him king, or general-in-chiefi (for either of which 
he was totally unfit,) so he must vent his spleen by croaking Greece 
was dead ! f a strange way, truly, of assisting the Greeks, while con- 
tending against such fearful odds. 

* We are all well aware that the character of the Turks has been called by 
some who profess to ^uide public opinion, " very respectable.** Hie mas- 
sacre of Scio is a sufficient answer. It is well that the Turkidi power is now 
a nonenity, though we hope the barbarous Russ is not to succeea to it 

f We think it is mucn to be regretted that this man*8 autobiography was 
not published, instead of being burnt, and that Thomas Moore did notgive all 
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Mountains, rivers, and fcwests, probably directed Uie ooune of the 
£rst tribes in their emigrations ; and having influenced thar physical 
and moral character, have also given rise to the first geograj^cal 
divisions and denominations. But what has most accelerated the 
extension of the human species, and the progress of civilization, is 
the invention of navigation. 

What lively and strange emotions must the first men have Mt, 
-when, descending from their paternal moimtains, after having wan- 
dered in the thick forests which covered them, they saw their mrther 
advance impeded by an immense plain of water, which, in the dis- 
tance, appeared to be lost in the sky, and to mingle with the clouds 1 
From observing sea-fowl on floating logs, they probably learned the 
art of constructing boats, and finally large vessels, with sails a^d 
masts. Experience and enterprise gradually taught tliem the art of 
navigation, which in the lapse of time, civilization and increased 
knowledge reduced to a systematic art of an important character, 
upon which became establ&hed the respectabiUty and power <^ na- 
tions, and the rank they held over others, their success m war, th^ 
wealth, and their enterprise in founding colonies, and finally, thdr 
aggrandizement by means of commerce. Interior nations wer« of 
course precluded by their situation firom obtaming any power or be- 
ing influenced by such means. 

The &te of great human &milies has been decided by the direc- 
tion taken in their emigration ; by the nature of the soil they oocnpied ; 
but above all, by the position of the great seas of the globe, and by 
the advantages wbich men derive firom them. May not the perpet- 
ual infancy of the Chinese be owing to their ignorance of the art of 
navigation ? 

On the contrary, if the Japanese and Malays exhibit a character, 
manly, enterprising, and different firom that of other Asiatic natacms^ 
it was formed at the ^)och wh^i their squadrons traversed the great 
Eastern Ocean,, or Pacific, which is at present fiUed with their colo- 
nies. 

The people of Afirica are, as it were, buried in the midst of a great 
continent, destitute of gul& and arms of the sea, to call forth their 
enterprise or their invention, or enrich them with the gains <^ com- 
merce. This circumstance has powerfully contributed to repress the 
energies of the nations of that continent 

The nations who have peopled Europe, on the contrary, had to 
cross the Caucasus, the Alps, the Black Sea, the Baltic, the Grecian 
Archipelago, the Adriatic, or the Mediterranean. Obstacles so for- 
midable retarded them at first in their progress ; but at the same 

his letters at length, and tell the world all he knew about him : for then hm 
would have appeared to the world as he was, and loa ^ml&D^'^iitvSSiSL^aB^^ 
beep left to tfyst cJaas to which thmr auJkboc YwikiD^B^ 
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time, they serred to develop and fortify that character of adiyity 
and courage which is common to the Emopean nations. The de- 
acendants of Canaan, the Phenicians, gradnally lost the empire of 
the sea ; Athens rivalled Tyre ; a Grecian city roled over conquered 
E^-pt ; Carthage submitted to Rome ; and Enrope seized the sceptre 
of tne world. At this first epoch, all civilization was collected 
around the Mediterranean ; it was almost the only sea upoa which 
there was any navigation. A second epoch commenced, as the 
march of civitization was still intimately connected with the progress 
of navigation. The compass of Columbus appeared. A new worid 
saw European vessels land on its shores. A new Europe has arisen, 
and continues to advance with ^ant steps in the career of improve- 
ment The Atlantic Ocean has become what the Mediterranean was 
before, the great highway and thorough&re of civilized nations. 

But the march of civilization is &r from being terminated ; the 
wonders we have witnessed may still be surpassed. The Europeans 
have not confined themselves to the shores of that Atlantic Ocean, 
which, immense as it appeared to tlie Phenidan and Greek naviga- 
tors, is only a narrow sea, compared to that great ocean, which, 
imder the name of the Pacific and the Southern, extends from pole 
to pole. American ships, by hundreds, already plough the whole of 
this aquatic hemisphere ; — already British colonists have begun to 
settle Australia, which may be termed a continent, besides some of 
the large islands adjacent : and ere many ages pass away, these coun- 
tries will exhibit the cultivated field, the crowded dty, the hall of 
science, and the temple of worship of the true Grod. Then those 
wide-extended lands, whose plains and hills now produce onlv aro- 
matic herbs, will produce the staff of life ; bays now shadowed by a 
forest of growing trees, will display a forest of masts ; gold, and 
more valuable iron, will be extracted from the bowels of mountains 
as yet untouched by the miner ; coal will be dug up to move ships 
and machinery ; coral and pearls will be dragged from the bottom 
of the sea, to adorn the new capitals ; and the Great Ocean wiD 
then be the great highway of the nations, whose ships shall hail 
each other in peace, and advance to bloody fray no more ; for the 
everlasting Gospel, diffused throughout the world, and rooted in the 
hearts of all, will ensure universal, never-ending peace, and national 
jealousies will forever cease. 



§ XV.— Course op Civilization throughout the World. 

The banks of the Nile and the Euphrates witnessed the first dvi- 
lized communities of whom we have any account. From the former 
river, a stream of population seema to bav^ twms^^fiiDaA oC tiiA arts 
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alcxDg with them to the eastern borders of Asia. But here we oV 
serve no very marked progress. Very different was the course of 
that which spread towards the west. Greece received her earliest 
knowledge from Egypt and Phenicia, and carried many branches of 
the arts to the utmost attainable Umits, while she vastly increased 
the amount of scientific knowledge, and left compositions which please, 
elevate, and instruct to this day. Rome received the intellectual 
treasures of Greece, added to the store, exhibited a new phase of law, 
government and public policy, and spread civilization to the Atlantic 
Ocean, along which it spread, from Gibraltar to the Norwegian snows. 
In the mean time immense changes had taken place, to alter the 
whole face of civilized society. A new religion had appeared, differ- 
ing in many of its doctrines and precepts from all those which had 
previously prevailed among the nations. It made new revelations 
of )ihe Creator, of man's nature, duties, and destination, and laid 
down new rules for his conduct. The overthrow of the Roman Em- 
pire, soon after this religion had spread over southern Europe, appa- 
rently threw everything into confusion ; the once vigorous sway of 
Rome was prostrated in the dust ; and the world saw the fall of the 
last universal empire. Rude, illiterate warriors from the noi*th and 
east seized the western dominions of Rome, destroyed many of the 
monuments of antiquity, and apparently effaced the very footsteps of 
civilization. Here they plunder and destroy churches, and murder 
the ministers of religion ; there, when overcome by the professors of 
the new fedth, they submit to the initiatory rite of baptism, to save 
their lives. Who would expect that from such beginnings should 
arise a civilization more expansive, more thorough, and above all, 
more benign than that of Thebes, of Athens, or of Rome ? Yet, 
such was the result, — and the descendants of the very men who 
nicknamed their leader for condemning their horrid and inhuman 
barbarities,* were to contribute their share : — such is the power of 
the Gospel of Christ Those rude warriors passed away, and with 
them the darkest part of their diaracter, while the bright was to be 
more ftilly developed in their descendants. Numerous causes, which 
we cannot stop to enumerate, had excited some degree of inquiry, 
enterprise, and mental culture in Europe, when the discovery of a 
new continent, at the end of the 15th century, aroused the already 
wakening mind of Europe from the slumber of ages, and set in mo- 
tion agencies, of whose results we yet sec only a small part. 

* An army of Normans called a distinguished general in contempt 0/»er 
Barnacarl (children's old man,) because he expressed his disapprowition of 
Hieir custom of amusing themselves, after plundering and burning a city, by 
toesing captiTe little children in the air, and catching them on the pdnts oi 
Iheir spears as they fell Such were the men whose deacAVidjKpte. cso^sm^ 
heoevmait asBodadoDa, 
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The great questions touching the relation of man to God^ to Us 
fellow-creatures, and to the universe, and domestic, soda), and pofit- 
kal order, which had all been solved after a sort, at the be^nnin^ of 
the halt, were brought again into discussion ; and then civilization, 
taking up its line of march, has moved onward, towards the West, | 
to give these discussions a new solution, in a new sphere o( action ; | 
and the whole civilized world awaits the issue with eager interest ' 
The Christian feels no uneasiness, but goes straight on in the course 
of duty ; for he knows the result, though not the exact time of its 
accomplishment. 

The eastern dvilization has its centre in China, and its outposts 
are Japan. It embraces its hundreds of millions of men, and has 
moved in a direction contrary to that of Europe, from west to east 
Its locomotive powers are s%ht, and it seems to have been nearly 
stationary for several centuries. We might compare the respective 
apeed of these two civilizations, to the two great revolutions of the 
globe, viz., the annual revolution in its orbit, and that which gives 
rise to the precession of the equinoxes. The eastern civilization is 
less active, and less easily set in motion than the western. But we 
must do it the justice to confess, that to it belongs the honor of sev- 
eral capital inventions and discoveries, such as the marina:^s com- 
pass, printing, and gunpowder,* on which the Europeans pride them- 
selves ; and we must also acknowledge, that the eastern civilization 
lias solved the mighty problem of keeping under one law, for an in- 
definite number of ages, a population greater than that of all Europe. 
The Roman empire, whoso population was less than that of China^ 
stood whole only three hundred years. The spiritual authority of the 
Pope, which extended over a still smaller surfece of territory, was 
absolutely acknowledged at all, only from Charlemagne to Luther, 
and rejected by many even before Luther's time. 

The two civilizations, thus extended to the extremities of the old 
continent, were separated by an immense space, before the western 
had fixed itself in America. Now more than half the intervening 
distance is passed : Mexico and South America are covered with <^- 
sets from the latter, on the side which looks towards Asia, as well as 
on that which fronts Europe. The more energetic race of the United 
States have extended themselves from sea to sea, and now meet the 
sons of Han on each shore of the great ocean. From this point of 
view it is clear that America, placed between the two civilizations, is 
reserved for high destinies ; and that the progress of the New World 
is a matter of the deepest interest to all the human race. 

Since the age of Louis the Fourteenth, the European merchants, 
who are the pioneers of state policy, strove with a constantly increasing 

* These were all brought from China to Europe in the middle ages. Eu- 
ropeaos, however, greatly improved on the Chinese inventioD& 
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ardor, to open doeer rdatioos with China, because they have felt the 
importance of a regular system of exchanges between Europe and a 
mass of two hundred and fi% millions of producers and consumers. 
The emandpation of the United States from British thraldom, and 
the abolition of the monopoly of the East India Company, gave to 
the ejQforts of commerce an irresistible force ; and, notwithstanding 
the palpable injustice of their course in the late war with China, the 
British were nowhere loudly censured by public opinion, because the 
nations were aware of the immense advantages which would accrue 
to China itself and the world at large, from throwing open that vast 
empire, whose territories include one third of the Asiatic continent, 
to pacific and general intercourse with Christian and more dvilized 
states. The cause of the British was unjust, because they were 
ibrciiig their destroying drug upon an unWilling goyemment. Yet 
the real conduct and motives of the Chinese government and its 
functionaries, were mean and contemptible. The mandarins had 
been in the habit of conniving regularly at the introduction of 
opium, up to the time of the rupture with the British, although 
there were ever so many state proclamations against its introduction, 
the only condition bemg a heavy secret payment. When the 
proclamation appeared which led to the seizure of the opium at 
Canton, the British thought it was merely designed to extort heavier 
payments. The Chinese government was now serious, simply be- 
cause they found that the immense quantity of opium introduced, 
turned the balance of trade against tiieir country ; and instead of 
receiving specie, they now had to pay a large sum to ^* the red- 
bristled barbarians," — as they then termed the British,— to cover 
their deficiency in exported goods. The lofty allusions to public 
health and morals were nothing more than a mask to cover the real 
motive, which is seldom avowed by absolute governments. The 
result of the war will be highly beneficial to China, because the 
missionary can now enter their country to give them a knowledge of 
the only true reli^on ; and the humiliating knowledge of their own 
inferionty (which was forced upon them by the ease witib which a hand- 
ful of British completely postrated the whole military strength (rf their 
• vast empire, and compelled them to pay in full for the expense of 
defeating them,) must make them more willing to learn their 
sciences and arts. Before this power, the laws which closed up the 
Celestial Empire, gave way. llie unimpeded introduction of opium 
will produce more evil at first than existed under the old system : 
but it will tend to open the eyes of the Chinese more effectually to 
the pernicious consequences which follow its use ; and thus lead 
more quickly to its general abandonment. 

Subsequent to the opening of China, the Turks have been in- 
duced to lay aside their intolerant bigotry *^ and thua t]i« m\d.^^ ^ 
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the 19th oentaiy has witnesBed the removal of the two great barrien 
which excluded from Asia the knowledge and civilizatioii of the 
west The exclusive policy of Japan, also, must soon be classed 
with Uie things that were. The human race has come into posses- 
si >!i of new means of communication, which shorten distance in an 
unexpected degree. The two civilizations are abeady commingling: 
a powerful stimulus is given to the oriental ; and we already see the 
dawn of the day when the whole race of Adam will associate as 
one flimily, and with more friendly feehngs than when Cain slew 
bis brother. 

Before the days of Christopher Columbus and Vasco di Gama, 
Europe had had communications with China, through the medium 
of the Arabs, independent of the caravans which traversed central 
Asia, The Arabs, conquerors and missionaries, placed between the 
two d>ilizations, formed a means of communication between the 
two. To the East, they were the messei^rs of the West, and to 
the West, the couriers and fectors of the East. Unhappihr, since 
the western civilization has shone with the greatest brillumcy in 
Europe, Arabia has thrown out but feeble gleams of light. ^Vhile 
Europe and her colonies have acquired irresistible enei^ and ac- 
ti\ity, the Arabians — debased by the religion of the fidse prophet* 
— ^have fallen into a deep lethargy ; in that quarter, therefore, the 
intercourse, which was never speedy nor complete, has almost 
ceased. But if, as some suppose, the Arab race is about to rouse 
itself from tliis long stupor, at the voice of Christian tmth, the West 
will have a powerful ally in its eflforts to transmit to Asia the means 
of obtaining a higher standing among the nations ; and this illus- 
trious and wide-spread race will thus powerfully contribute to the 
union of the two civilizations, through the ancient channel of com- 
inunication, while the steamboat communication through the Red 
Sea and the Mediterranean opens a shorter means of communica- 
tion bet>vecn the furthest east and the extreme west 

The nations whom we were accustomed to call Oriental, but who 
are only inhabitants of the nearest east, have ceased to be formida- 
ble adversaries to Europe ; they delivered up their swords at Gizeh, 
Navarino, and AdrianopJe. The colonization of America is now, at 
length, completed, from Hudson's Bay to Cape Horn ; Europe 
moves towards the east, as well as towards the west. The Isthmus 
of Suez, and the Isthmus of Panama, are becoming the routes of 
western civilization to the great East. Britain chiefly traverses the 
one and her American descendants the other : and these two nations 

* Whereyer Mohammedanism prevailed, the effects have been the same, — 
first, great activity and vigor, followed by a total prostratiaD, as the consum- 
aiatioQ oi a steady decline. 
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oompletelj ovenhadow all others in the career of advandng and 
diffusing civilization. 



ADDENDUM TO SECTION HI. 

(llie fonowiog renuurks on HasselTs Ethnographic Table were accidentally 
cnutled io the proper places] 

The preceding table is defective, in several respects. Some classes 
are over^timated, as the Japanese ; and others are under-estimated, 
as the Grermanic nations and their descendants. Some races, again, 
are classed together which have no affinity, as the Basques with the 
Gpnric and Gaelic tribes. The various distlncti<»Ds between thd 
Euyttentots, Papuans, and Alforians, are also overlooked. NotwiUi- 
atanding these defects, however, the table appears to have been com- 
piled with care ; and it will give the reader a tolerably accurate no- 
tion of the comparative numbers of the various races of mankind. 
We are not at present in possession of data that would enable us 
to give a table which could be depended on for perfect accura^; 
and therefc»re, we have given Hassell^s nearly as we found it. Ine 
principal change which we have made, consists in classing the Turks 
and western Tartars with the Mongolian race, to which they properlhf 
belong. We have preferred this course to indulging in the day- 
dreams which are still so freely and unhesitatingly l^d before the 
public* 

* Of Ihese we have a good instance in Eombsf s Ethnographic map of 
Britain, published in Johnston's Physical Atlas, where we are gravely in* 
formed tnere are in Britain 16 millions of unmixed descent, although it is ao- 
tnaUy a moral impossibility that there can be one tenth of that number ; and 
in all probability there ii not a solitary individual who is not more or less of 
mixed descent. 
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PART 11. 

KELIGIONS. 

§ L — Gensbal Subyxt. 

The inhabitants of the earth may be divided into three dasees, in 
a religious point of view, viz. : — Christian, Mohammedan, and Pagan. 

The first, in point of numbers, considerably exceeds the second, 
and still falls mt short of the third ; but the nations which profess 
Christianity have acquired so great an ascendency in arts, sodal 
improvement, and political power, while their colonies have filled, 
ana are multiplying over all the savage and unoccupied portions of 
the globe so &fit, that this faith is now more widely diffiised than 
any other. 

The Mohammedan nations, though &r inferior in numbers to the 
Christians, occupy a large proportion of the most fertile r^ons of 
the globe, but are sunk in slavery and degradation, so much so, that 
their sway is not likely to endure above a century or two longer. 

Of the Pagan religions, the most numerous, and the only civilized 
possessors, are those attached to the kindred creeds of Brahma, and 
buddah, the former of which is established over the greatest part of 
Hindoostan ; the other of China, and other continental kingdoms 
and insular territories of eastern Asia. From their peculiar habits, 
and the immutable nature of their institutions, they are likely to 
adhere to these systems with greater tenacity than the votaries of 
superstition in Afirica, the South Sea, and other quartan where the 
tnm of belief and observance, however £uitastic, is of a slighter 
texture. 

The following table shows the estimates of Hassell and Malte 
Brun, of the various religions, omitting all numbers below thou- 
sands: — 

L HASSELL'S ENUMERATION. 

Pagans, 561,820,000 

Christians, , . 262,565,000 

Mohammedans, 120,105,000 

Jews, 3,930,000 

Total of the globe, 038,420,000 
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Roman Catholics, . 184,732,000 

Greek Church, 66,011,000 

Protestants, 56,791,000 

Monophjsites, 3,866,000 

Armenians, 1,799,000 

Kestorians, ••••»• 367,000 

Total of Christians, 262,666,000 

Lutherans, 24,264,000 

Presbyterians and Congr^ationalists, . . 12,760,000 

EpisoopaliaDS, 14,906,000 



JBiDisoopaua] 
Methodists, 



Baptists, <kc^ 3,862,000 



Total of Protestants,* 66,791,000 

XL MALTE BRUlSrS ENUMERATION. 

European CathoUcs, . . . 88,000,000 j n ^ ^aa aaa 
CathoUcs out of Europe, . 28,000,000 "I ll«»000,000 

Greek Church, 70,000,000 

Protestant Churches, 42,000,000 

Total of Christians, 228,000,000 

Jews, 6,000,000 

Mohammedans, 110,000,000 

Brahmins, 60,000,000 

Shamanists, or Lamaites, ...... 60,000,000 

Buddhists, and kindred creeds, .... 160,000,000 

Fetichists, and various others, 100,000,000 

• Total of Pagans, 310,000,000 

§ XL — ^Pbotbstant Christians. 

Lutheranism, or the Evangelical Church, is supported by the state 
in Prussia, Saxony, Hanover, Denmark, Norway, Sweden, and Livonia. 

Calvinism, or the Reformed Church, is the most prevalent in 
Switzerland, in some countries of Germany, and in Holland. It is 
also that of the established church in ScoUand, and most of the dis- 
senters in that country belong to the same persuasion. We may 
identify with the Reformed Church, the Congregationalists, who are 
numerous in Britain and the United States. 

* All the Protestant denominatiflna are iBider-wtimated, and the foariii 
dMB erioandingly wx 
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The Englisk, or Anglican Episcopal Churcli, is the established re- 
ligion of England ; and in Ireland, although the faith of the minority, 
it is upheld by the strong hand of power. 

The preceding tables give no distinct account of many Protestant 
denominations. Of the Unitarians, or Antitrinitarians, most of those 
who have separated from other denominations are found in the United 
States and in Britain ; but many holding their sentiments are found 
in other communions. 

The Arminians, or Remonstrants, v^ere originally a party which 
sprung up in Holland, and who differed from the Calvinists in the 
opinions which they held concerning the doctrines conmionly called 
the Five Points. Their opinions, with various modifications, are now 
held by the majority of Episcopalians, and by many among the oth^ 
Protestant denominations. 

The Antipsedobaptists, or as they are commonly termed, the Bap- 
tists, are a numerous party in the United States, and have many con- 
gregations in Britain. There are several subdivisions of them. The 
United Brethren, or Moravians, are Arminians in creed, and Episco- 
pal in church government They are found chiefly in noHhem 
Germany, and in the United States. They were among the first 
Protestants who carried the blessings of religion and the useful arti 
into heathen lands. The Friends, or Quakers, the Shakers, Dunkers, 
and Swedenbor^ans, are found chiefly in England and the United 
States. The Swedenborgians were followers of Baron Swedenborg, 
a Swedish nobleman. The Methodists, who originally were sece- 
ders from the English Church, are very numerous in America and 
England. Their creed is exclusively Arminian, with the exception 
of the Whitefield Methodists, who are Calvinists. These are found 
chiefly in England. The amount of good they efiect in new coun- 
tries is immense — ^breaking down the rough places, and hewing out 
a path of holiness and light, and acting as pioneers to all other sects. 

The following table, compiled from the most recent -returns and 
estimates, exhibits the number of churches, ministers, and commnni- 
cants belonging to every denomination in this country, excepting a 
few of the smallest. The numbers in round thousands are only ap- 
proximate estimates. 

RELIGIOUS DENOMINATIONS OP THE UNITED STATES. 
Denomin&tion. Churches. Ministera. CommnnicaiAi. 

Roman CathoHcs, 966 1,026 1,231,300* 

Methodists, — various classes, ... — 6,707 1,215,069 
Baptists, do 14,111 8,425 1,007,653 

* The Roman Catholic communicants are disproportionately large — the 
whole Dumber of their adher^ata being rnxxc^ smaS^oc ^ilbaHx^^oaBiii ^ ^ibi& HaHiq* 
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DeBomlnsUon. CSmrebes. Bfinirtera. Commimicaats. 

Ft«BbytMiam and Refonned,* . . . 6,210 4,944 594,073 

UnivewaliBts, 1,600 1,600 325,000 

CongregaticmalifitB (Evangelical), . . 1,971 1,687 197,196 

Lutherans, 1,604 663 163,000 

Ptoiestant Episoopalians, .... 1,232 1,497 67,550 

United Brethren, 1,822 524 67,000 

Unitarians (OoDgregatkxial and Baptist)f. 907 748 33,000 

Swedenborgians, 42 30 5,000 

§ m. — Greek and Roman Catholics. 

The Greek, or Eastern Church, which was most orthodox in the 
fifth and sixth centuries^ is the established religion of Greece and Rus- 
sia ; and it is tolerated in Turkey, and in the Austrian dominions. 
Anioi^ its kindred branches, are the Nestorians, in Asiatic Turkey, 
who, at one time, were very numerous in Tartary, Mongolia, and 
even in China ; and the Monophysites, who comprehend the Copts 
in E^ypt ; the Abyssinians, the Armenians, and the Jacobites of 
Syria and Mesopotamia. Some of these have recently joined the 
Roman Catholic Church : but their number is not considerable. 

The Roman, or Western Church, comprehends within its pale the 
greatest part of France, Belgium, Italy, Spain, Portugal, Austria^ 
Foland, southern Grermany, the numerous Spanish and Portuguese 
' Cdkniies in America, Africa, and Asia ; three fourths of the popu- 
lation of Ireland, one half that of Switzerland, and one third that of 
Holland, besides many adherents in Britain. The Pope is considered 
the spiritual head. The Gallician, or French Church, was formerly 
distinguished by peculiar tenets and privileges, which opposed an in- 
vincible barrier to the usurpations of the Pope. But this distinction 
k no longer, maintained. 

* § IV. — ^Mohammedanism and Judaism. 

Christianity has seen many enemies arise, but none greater than 
Mohammedanism, or Islam, which is a confused mixture of Judaism, 

dists and Baptists— because most of those belonging to their denominatioB 
oommiinicate. The terms of communion vary so much among the other denom- 
inations that the number of communicants is not an exact criterion of the total 
nmnber of a denominatirai. 

* The Dutch Reformed and the Germiian Reformed. Both of these have 
the same creed, and essentially the same form of churdi government as the 
Presbyterians. 

f We give these by themselves^ as their creeds are essentially different 
from those of the other CongregatioDalists and Baptists, though they have the 
nme Sorm of ehurdi polity. 



a40 ANTHBOFOLOGT. 

Paganisin, and Christianity. Some portions of the Koran are said 
to nave been stolen from the Bible by its subtle writ^. 

The Mohammedan creed prevails in the greater part of western Asia, 
in most of Africa north of the equator, and in European Turkey. 
It is also tolerated in Russia. Mohammedanism comprehends several 
sects. The Sunnites, and the Shiites, or Separatists, are the principal 
The Smmites, though divided, with regard to discipline, into four 
parties, agree in reckoning the book of Traditions, or the Sunna, in 
the number of their sacred writings, and in considering Omar and 
his successors as the le^timate Caliphs. The Sunnites ^ve the name 
of Shiites, (i. e., Separatists,) to all who differ from them. They 
reckon six classes, each split into twelve subdivisions, which makes 
aeventy-two heretical sects ; for the Turks have thought, like Bossuet, 
that a multiplidty of sects furnishes a plausible objection to their 
doctrines. There is, however, but one considerable party among the 
Bhiites, that of the followers of Ali, who reject the Sunna. This 
creed is prevalent in Persia. The other Mohammedans — the Turks, 
Arabs, Tartars, and Mohammedan Hindoos and Malays — ^belong to 
the Sunnites. This sect numbers about one hundred millions, and 
the Shiites about fifteen millions. The Wahabees, Sunnite reformers 
in Arabia, embrace about five millions. 

Judaism, which long preserved a knowledge of the true Qod amid 
heathen darkness, is now divided into two prindpal sects — that of the 
Karaites, who acknowledge as Divine only the books of the Old 
Testament — and that of the Rabbinists, or Pharisees, who attribute 
an authority almost divine, to the collection of traditions and expla- 
nations known by the name of Talmud. The latter are by fisur the 
most numerous. The Karaites are noted for general integrity of 
conduct, and being often devoted to agricultural pursuits. 

The jews are found scattered over the whole world ; but they are 
most numerous in the Turkish and Austrian dominions, and in Russia 
and Poland. There are also many in Germany, France, and Holland; 
and they are increasing very rapidly in the United States, which is 
one of the very few countries where they possess all the rights of 
citizens. In some parts of Europe, they are prohibited by law from 
settling in the country ; and in most other parts, they are laid under 
many disabilities. Many of the Jews of the present day are infidels, 
having no belief in any revelation ; but these opinions are confined 
chiefly to German Jews. 

To Judaism we may refer the Samaritans, who are still found in 
i^ypt and Palestine, chiefly in and around Nabbus, the ancient 
Shechem. They expect the Messiah, and observe the Mosaic law, hke 
the Jews ; but they receive no part of the Bible except the five books 
of Moses, of which they preserve a celebrated and very ancient ver- 
non, written in characteiB much older than the oonunan Hebrew 
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iMstB. Thea views legardmg the Messlal] are more correct than 
those of the Rablniusts, who eenerally expect only a temporal deliy- 
erer and soverei^. The origm and early history of the Samaritans 
can be learned mm the Old Testament ; for they are the same peo- 
ple that are spoken of hoih. in the Old and the New Testament 

The Jeinish Scriptures and Jewish polity, were designed only to 
pave the way for the introduction <^ Cnristianity, which sprung up in 
the bosom d Judaism, and now sheds its benignant and liberal in- 
fluence over Uie most ciyilized countries, and in all quarters of the 
globe. 

§ V. — Missions. 

Tlie Roman Catholics have many missionary establishments 
nxnong the heathen : but they are leas flourishing tnan those of the 
Protestants. The following table contains the names of the princi- 
pal Protestant Missiq^ary Assodations in the world, and the counr 
tries where they sustain missions. 

I MISSIONARY ASSOCIATIONS. 

American Board of Foreign lifissions; Presbyterian Board of 
Missions ; American Baptist Missionary Society ; American Metho- 
dist Missionary Society; American Home lifissionary Society; 
Protestant Episcopal Missionary Society ; American and Foreign 
Christian Union ; United Brethren ; (English) Sodety hr Prop- 
agating the Gktspel in Foreign Parts ; Society for Promoting Chris- 
tian !&iowledge (London); London IkGssiona^ Society; Church 
(Anghcan) A^ssionary Society; Wesleyan Methodist Missionary 
Dodety ; Baptist (English) Musionaiy Society ; London Sodety fcur 
Promoting Christianity among the Jews ; Colonial Missionary So- 
dety 'f General Baptists' Missionary Society ; Scotch Church Mission- 
ary Siodety ; Free Scotch Church Missionary Society ; French Protr 
estant Missionary Sodety; German Missionary Society; Bhenish 
Missionary Sodety ; Netherlands Missionary Society. 

IL COUNTRIES CONTAINING MISSIONARY STATIONS, AND 
ASSOCIATIONS BY WHOM SUSTAINED. 

Conntrles. By whom sustained. 

Greenland and Labrador, . Moravians, or United Brethren. 
Upper Canada, .... Moravians and English EpiscopalianSi 

Wesleyans. 
Chippeway and Sioux Ind., Amer. Board of Foreign lifissions. 
Cherokees and Choctaw Ind., American Board and American Bi^ 
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American Board. 
Oylon, English EfncootJama, Melhofiik, 

Baptists^ and American Board. 
Easi^nm India, American Baptists ; London MioBan- 

ary Society ; English Church llii- 

sionary Society. 
Ohinn, ..•.••• American Board ; United States Epm- 

copal MiseionaiT Society. 
Austmlia and New Zealand, B^glish Chuich Missionary Sodety; 

Wesleyan Missii 




Malaysia, American Board and Dutch Mission- 
ary Society, and German Ifiasion- 
anes. 

Rnndwicli Tnlnnds, . • . American Board. 

H<K*iutv and (ioorgian Isles, London Missionary Sodely. 

Frimidly, JJnvJjatori', and J ^^gyaii Mudoiuiiy Sodely. 
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§ VI. — ^Polytheism. 

The name of polytheism^ (worship of many gods,) is given to 
every system of reli^on which admits the existence of several gods. 
One of the grossest is fetichism, or the worship of fetiches. By 
fetkh, (a word which comes from the Portuguese,) is understood all 
sorts of animated or inanimate substances which the priests of this 
religion hold out to the savages as beings who are endowed with 
Bome divine and magical power. This absurd religion prevails 
atmong the ignorant nations of Soudan, and Guinea, and among a 
variety of other savages. The ox Apis, and the dog Anubis, were 
the great fetiches of the ancient Egyptians ; but they had many 
otihers, including the ichneumon, cat, leek, onion, etc. The worship 
of fetiches is only one of many customs which connect the modern 
Afiricans with the ancient l^yptians. The black stone worshipped 
at Mecca before Mohammed, was undoubtedly a fetich. Ridiculous 
and debasing as the worship of such deities certainly is, the worship 
of sach homd characters as the Moloch of the Canaanites, Phenicians, 
and Carthaginians, and the Jupiter of the Greeks and Romans, was 
equally absurd, and still more pernicious in its effects. 

Sabeism, or the worship of the heavenly bodies — the sun, moon, 
and stars — is essentially fetichism, but a less degrading form of it. 
TTiis very ancient system spread over the whole extent of the ^obe ; 
and was blended with all the other systems of superstition. iBut it 
no longer exists entirely pure, except among some insulated tribes. 
It has the name from the Sabeans or Sabians, an ancient people of 
Arabia. The worship of Baal and Ashtarothy so often mentioned 
in the Bible, was of this kind, Baal being the sun, and Ashtaroth 
the moon. The Greeks called the former Apollo and Phoebus^ and 
the latter Artemis, Phoeibe, and Hecate* The worship of Baal passed 
into Gaul by means of the Carthaginians, whence it passed into 
Britain and Ireland. In all these countries, its ministers were termed 
druids ; and the great festival of Beal-tain, (Baal's fire,) is still ob- 
served in some parts of the Scottish highlands, though the system 
of Druidism fell into general disuse in the beginning of the second 
oentury, when Trenmor, the first Gaelic king of the country, sup- 
pressed the druids. The Romans had previously abolished the order 
m south Britain and in Gaul. The human sacrifices common among 
the druids demanded such a step. 

All the polytheism of the world arose from two sources — the 
deification of men, and the worship of external objects. In the case 
of several deities, the two seem to have been blended ; a real human 
diaracter was taken as the representative of some natural object, or 

* The Diana of the Romans. 
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power, and endowed with corresponding fictitions attributes. Tlni, 
the Hephaistos of the Greeks, and the Vulcanus of the Romans, 
was probably the Tuhal-Cain mentioned in the fourth chapter of 
Genesis as " an instructor of every artificer in brass and iron" — m 
other words, the inventor of the arts of preparing and working 
metals. Traditional accounts of him were preserved ; and he was i 
taken as the representative of the principle of fire or heat, on which 
the raetallurgic arts depend. The very name Vul-can is not improb- 
ably an abridgment of Tu-^l-cain, Of external objects, the sun 
would attract pre-eminent attention : and when mankind abandoned 
themselves chiefly to the gratification of their senses, and paid little 
serious regard to the real cause of the phenomena of nature, the 
imdsible God was forgotten ; and it followed almost as a matter of ^ 
course that the all-resplendent sun, on whose movements depend day '^ 
and night, summer and winter, should be viewed as the great ruler ! 
of nature. Hence, the worship of the sun has been so gen^ 
among pagan nations, from the earliest times. It has been hxmi. 
throughout the world, all round from Ireland to Peru, where it con- 
stituted the rehgion of the Incas. It was also the reli^n of the 
Aztecs, in Mexico, where 20,000 human victims were offered to the £ 
sun every year. 'j; 

The respect due to ancestors and to public benefactors was the 
other most prohfic source of polytheism ; and the hundreds of mil- 
Hons of China, at this day, worship no other god with any degree of 
fervor except their ancestors. 

It is remarkable that the Mongol race, and the American Indians, 
preserved the knowledge of the true God better than any other 
people, except the Hebrews, whose worship was kept pure by pecu- , 
liar dispensations. This fixity of character in the. Mongol and Ame^ \ 
ican races — which also exhibits itself in many other things — ^would li 
lead to the inference that they are of the race of Shem — ^whoee 
known descendants exhibit an incapacity for speculation or invention, 
and an attachment to one unerring coui*se of conduct, and to ancient 
belief and usages — rather than to the inventive, speculative, novelty- 
loving sons of Japhet, who introduce a new mode of dress every 
month, while the sons of Ishmael dress and Uve at this day precisely 
as did their ancestor nearly 4,000 years ago. How far the Mongol 
languages confirm or refute such an inference, we cannot say : but 
we believe a comparison of these and of other traits would settle 
the question. 

Polytheism seems to have been often little influenced by philo- 
sophical speculation. It was much older in point of time, and in 
many cases, too firmly rooted in the customs and affections of its 
votaries to be influenced by philosophy, when it appeared. The 
lofty and beautiful views of Socrates had no influence even on the 
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cultivated Atheniazis, who listened with pleasure to the scurrility 
with which Aristophanes attacked the philosopher, the greatest of 
the Grecian race. The worship of Bacchus and Venus was much 
more to their taste than one less sensual and more rational. Here 
Hes the secret of the strength of polytheism : it was, in fact, made by 
mankind according to the desires of their own darkened and debased 
minds. Some would have us think, indeed, that the ancients gener- 
ally attached an allegorical meaning to their worship ; but of this 
there is not a shadow of proo^ so far as the great majority are con- 
cerned, while there are innumerable proofe of the contrary. We 
need not wonder that Greeks, brought up in heathen darkness, should 
M>prove of their own superstitions and abominations, when Gibbon, 
the historian, a man brought up in Christian society, could delib- 
erately and publicly call the disgusting compound of puerility, cru- 
elty, and gross sensuality, which constituted their religion, "the 
elegant mythology of the Greeks," and this while he thoroughly 
knew its real character, which school-boys generally do not. 

The worship of national heroes moditied the polytheism of the 
Greeks and Romans. Veneration for the dead — a natural sentiment — 
mingled with all religions ; and of some, it seems to have formed the 
diiei part, as was the case with the Caledonians, in the times of 
Ossian. The Syrians, the Chaldeans, and the Phenicians, appear to 
have made the heavenly bodies the objects of their especial worship. 

In the religion of the Brahmins, Brahm, or the supreme being, is 
supposed to have created three great deities, Brahma, the creator of 
tlie universe, Vishnu, the preserver, and Sheeva, the destroyer. This 
18, apparently, a speculative system. As Brahm and Brahma are 
not now supposed to interfere with human affairs, little attention is 
paid to them. Vishnu is said to have become incarnate nine times. 
The tenth incarnation is yet to occur, when he will appear on a white 
borse, with a flaming sword, to take vengeance on the wicked. The 
celebrated Juggernaut is one of the supposed incarnations of Vishnu. 
As he acts only occasionally, he is not so generally worshipped by 
many of the Hmdoos, as Sheeva, the destroyer, terror being a greater 
element in their worship than affection. The ancient religion of the 
whole Indo-Atlantic race appears to have been essentially the same. 
There was an original creator, who, however, seemed to interfere lit- 
tle with the universe, which was chiefly influenced by the conflicting 
operations of the good and the evil principle. The Ormuzd, or 
Oromastes, of the Magians, and the Biel-hog, or white god, of the 
Sarmatians, or Slavons, were only modifications of Vishnu ; and the 
Ahriman of the former, and Czemo-hog of the latter, corresponded 
to Sheeva, or the Devil. 

Shamanism, the religion of the Thibetans, some of the Chinese and 
the heathen Tartars, appears to have much in common with the Brah- 
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minical system ; but we have litde reliable information concerning it 
Several of the Tartars, however, undoubtedly pay boroage chiefly to 
the evil deity, alleging as a reason, that the good does not require to 
be propitiated. Many of the Indo- Atlantic race, in the course of 
time, adopted the religion of other nations, with whom they associa- 
ted. Thus, the Greeks adopted much from the Phenicians and 
Egyptians, from whom, indeed, the Ionic Greeks seem to have 
been partly descended. The Greek religion was afterwards largely 
adopted by the Romans, who had previously borrowed much from 
the Etruscans. The Celts and Belgae adopted the Phenician religion 
from the Carthaginians, and introduced it into the British Isles. 

Buddhism is only a modification of Brahminism, whicb prevails in 
southern and further India, China, and Japan. But it rejects castes, 
and many of the cruel practices of the Brahmins. It maintains, in 
conunon with them, that the soul is an emanation from the deify, 
and will ultimately return to its origin, and cease to exist as a d^ 
tinct consciousness : but no soul will attain this supreme felicity of 
annihilation, till it has expiated any guilt it may have contracted, by 
inhabiting the body of some future person or animal, where it may 
suffer for its sins in the former state. Hence their aversion to kiu 
any animal. A Hindoo would abhor killing a lame duck : for it 
might be the tabernacle of the soul of his grandmother. So it is 
affectionately sent to an hospital. Many of the views of the priests 
and learned among them, however, seem to have comparatively little 
influence on the masses of the people, whose worship is chiefly di- 
rected to inferior deities, whom they believe to influence their present 
circumstances. 

The polytheism of the more remote and less enlightened pagans, 
such as many of the Malaysians and Polynesians, seems to be a kind 
of hero-worship, which is generally as bloody and revolting as that 
of Moloch, although many of the usages of the Brahmins are 
equally abominable. True philanthropy rejoices at the dawn of a 
better day, when polytheism will be numbered with the things that 
were, and the nations will offer a pure and heart-felt homage to Je- 
hoviJi, and rejoice in the light of His countenance. 
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PART III. 



GOVERNMENT. 



§ L — ^Dbfinitions. 

GovBRKMEKT IS the union of physical force, established to control 
civil sodety. The person or persons who exercise this force are called 
the supreme power. This may be divided into different branches, as 
the proposing, the deliberating , the decreeing, and the executive power, 
which may be divided into the administrative, the judicial and the 
military. These divisions are, in a great measure, arbitrary, and 
varied by the circumstances and characters of different nations. The 
manner in which the supreme power is organized, subdivided, and 
concentrated, is called the form of government, 

Fonns of society are innumerable ; but we shall point out those 
most generally known, by advancing from the state of the greatest 
physical dissemination of powers, to those of greatest concentration. 



§ IL — DXSCBIPTIOK OF THB VARIOUS FoRMS OF GOVERNMENT. 

[ Pure democracy exists in that state in which the supreme power 
^ ii vested in, and immediately exercised by the majority of the nation : 
ftis form of government differs from the state of primitive civil soci- 
ety, in which all equally rule. 

Modified democracy is a state in which the supreme power is ex- 
^rdsed by a council immediately chosen by the people, revocable, and 
lesponsible to them. 

A representative democracy, is that state in which the supreme 
V power is exercised by magistrates, chosen from among the people 
j^- whom they represent, but who, when chosen, are sovereign, and not 
responsible. This form is subdivided into a pure representative de- 
mocracy, when the people themselves directly choose their represen- 
tatives ; and into a representative electoral democracy, when the peo- 
ple choose electoral bodies, who elect representatives. 

Elective aristocracy is, when the people, either mediately, or in- 
tennediately, choose tiieir magistrates, not indifferently from among 
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power is entirely confided to one indi\'idual, or in other words, a 
state in which the majority of the nation is represented by a single 
individual. Absolute monarchy differs from despotism, in this, that 
the monarch holds his power of the nation, either by expressed or 
tacit consent The despot, on the contrary, pretends to hold his 
pow^ from Qod, or rather from his own sword. The dictatorship 
in the Roman repulse was a kind of absolute monarchy, electivo 
and temporary. 

The word anarchy literally means the absence of a government. 
Taking the word government in its true and literal signification, it 
is evident that anarchy may arise in two ways : — Ist, from the non- 
existence of any supreme power in civil society ; 2d, from the pre- 
ponderance of unconstitutional power, exercised in an arbitrary 
manner and without the form of government Anarchy may be 
modified in a thousand wajrs. 

Ochlocracy, or popular anarchy, takes place when a mob or 
a multitude unlawfrilly usurps supreme power. According to this 
definition, even the majority, when they are not legally constituted 
sovereign, can exercise only anarchical power. 

Oligarchy occurs when a small number of individuals or fimiilies 
exercise the supreme power, without having been chosen by the 
constitutional sovereign. 

Demagogy is, when one or several individuals, without legal ap- 
pointment, lead and manage the people at their will, actually 
exercising the power which they seem to leave in the hands of the 
multitude. 

The word tyrant signified origioally chief or monarch. Virgil 
employs it more than once in this honorable sense : but it was after- 
wards limited to denote him who, in a republic, had usurped the 
power of an absolute monarch. This is the ordinary sense of the 
term in the Greek and Roman authors. The moderns use the term 
to express violent and cruel abuses of authority, in all kinds of 
government 

Despotism has been confounded, sometimes with tyranny, some- 
times with absolute monarchy. Despotism is absolute power, which 
is not derived from a lawfril source, and which, consequently, admits 
of no limitations. The despot pretends to be the master of his subjects, 
and of his country, just as a private person is proprietor of his estate, 
or his cattle. Despotism is not necessarily tyrannical, or cruel, or 
violent ; it is not absolutely incompatible with some administrative 
forms, and some institutions, which properly belong to regular states, 
or even republics. 

It would be improper to class with these forms of government, or 
of anarchy, created by man, tiie singular state termed Theocnuy. 
^ItiB^" si^tiie theologians, <■ a government instituted bf God biasr 
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8el^ in which the magistrates govern in the name of Grod." Sadi 
was the constitution of the Jewish people. With them, theocra^ 
was first united with democracy, and then with monarchy. The 
Popes, in the dark and middle ages, attempted to establish a theoc- 
racy upon a great scale. 

We have still to notice federal systems, which are the union of 
several independent states under a superior authority, chosen by 
themselves, and which are invested with powers more or less exten- 
aive, to maintain mutual order, and to furnish the means of defence 
l^ainst external enemies. We may term a confederation of which 
t& the constituent members are on a footing of equality, a dejno- 
eratic confedercun/. Such is that of the United States. There have 
been, however, confederations with a chief or presiding power. The 
€^ermanic Empire, which existed prior to the French revolution, was 
of this nature. Confederations sometimes have subjects in common. 
The Swiss had several districts in this manner. 



§ in. — Origin of the Various Glabsbs of Society. 

In the most savage state, insulated man procures directly for him- 
aelf the httle which is necessary to supply his wants, or to gratify his 
wishes. As soon as femilies begin to draw near each other, they 
mute together for accomplishing their common labors ; but when the 
number of families augments, the society becoming larger and mcare 

Sowerful, has recourse to the division of labor. The diflerent pro- 
ucts of each branch of industry are then reciprocally changed. 
These exchanges being jiot without inc(Mivenience, means are sought 
out to give them feiciUty and despatch. Some measure, to ascertain 
the comparative values of the different commodities, is adopted; 
either some article in general request, as com, or cattle, or some re- 
puted precious substance, such as gold and silver. This token of 
general barter or exchange, by which the value of any article is de- 
cided upon, constitutes money. The productions become merchan- 
dise; and instead of being bartered, they are purchased. Some 
sagacious observers now begin to perceive that gain is to be made by 
buying and selling. They become intermediate agents between the 
consumers of produce, and those who raise it, or work it : and here 
b^ns the first rude attempts at commerce. Ere long, the adminis- 
tration of the affairs, and the defence of the territories, of the state, 
become functions too laborious and too comphcated to be gratuitously 
discharged : the functionaries, therefore, receive a salary, and instead 
of warriors, we have soldiers, who, when they are obtained from a 
foreign soil, and hired for a certain period, are called mercenaries^ 
because they fight under foreign baimers for money. At the same 
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fame) evenr indb of groond would receive ha master. Property of 
every kino, after having passed from one band to another — chance 
fiivoring some individuals, and address serving others — would at last 
become fixed and settled. Those who had been unfortunate, or 
unskilful, finding the impossibility of producing anything on their own 
acooimt, would let out tiieir strength or dexterity to others. 
From society, thus at last constituted, various classes originate. 



§ rV. — ^Description of the Various Classes, 

The productive class comprehends all those who draw from the 
earth, or from the other elements, any productions usefril to society, 
such as cultivators of the soil, fishermen, miners, (fee, <fec In dvu- 
iaed states, there exists one productive class of a peculiar kind. The 
man of science^ who enlarges the empire of knowledge ; and the 
fMLn of letters^ who purifies the taste, or refines the sentiments, or 
elevates the morals and manners of the age, equally contribute to 
the production of true national riches, of inestimable price, and perpet- 
ual duration ; and the services of the minister of religioriy which 
produce steady and industrious habits, are still more valuable. 

The operative class consists of those who, by various processes, 
convert raw materials into artificial produce. When such processes 
eminentiy require genius and taste, they obtain the name of the fine 
arts. When they chiefly demand corporal strength and dexten] 
they are called the mechanic arts. A manufactory is an 
ment where an art is conducted on a large scale. 

The commercial class is composed of merchants, properh^lTtermed, 
who buy and sell, either on a small or large scale, the j^^lRuctions of 
nature and of art— -of different kinds of correspondents, or agents^ 
who fiocilitate the execution of purchases and sales — of hankers, and 
brokers, who confine their operations to the representative signs of 
merchandise, or bills and specie — ^and lastiy, o^iM^w|^^^f%^^r9, 
and carriers, in so far as these are proprietors fl^Hrmeans ^^ll[@ 
veyance, and do not come to be ranked under tnMKs of mercena- 
ries. 

We include in one class the public functionaries and ofScers of 
sea and land forces : as they are equally invested with a greater or 
less proportion of the force of the state, they are equally the agents 
of the supreme power. 

Tlie last class comprehends the m^ercenaries of every kind, who 
let out their labor to private persons, or chiefly to the commimity. 
It is composed of laborers and domestics. This last class is not so 
numerous, except in those states where luxury prevails. 

The numerical proportion in which these daases are met with in a 
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state, is one of the most interesting questions of statistics. Accord- 
ing to that proportion, we are to decide whether a nation is to be 
denominated agricultural, manu&cturing, or commercial. 

Classes have their foundation in the very nature of sodely itself; 
but castes and orders are created hj laws and constitutions. 



§ v. — Castes and Orders. 

By the word caste is understood an hereditary class, exclusively 
assigned to one species of occupation. This system of division ex- 
isted in Persia, Arabia Felix, and Egypt, and still exists in India. 
It is sometimes accounted for by referring to the original difference 
of the primitive tribes whose union form^ the nation. But in sev- 
eral cases their origin seems to have been different. The caste of 
priests, and that of warriors, in Egypt, may have been two dans, 
somewhat organized and disciplined, which had reduced to a state 
of subjection several tribes of husbandmen and shepherds; the 
conqueror disdained to intermingle with the vanquished ; and the 
laws afterwards sanctioned and perpetuated a system of separation 
which accident had originally established. Yet the perfect similarity 
of all the castes, and the unity observable throughout the nation, 
rather indicate a different origin. 

The political orders of the states of Europe differ essentially from 
th^testes, in this — that they have no occupation which is exclusively 
reser^lL for them ; or if they have it, like the clergy, it is not 
hercditai 

In the 3R4d^e ages, when the armies consisted of cavalry, the 
order of the nobility partook much of the nature of a caste. 

The nobles are now merely an order of the state. The citizens, 
commonalty, or third order, and the peasants or laboring, agricultur- 
ing class, form, in some states, orders recognized by the constitution. 
In Sweden the ordyn peasants possess much influence. The same 
was the case inT^Sl^ before the French revolution. There are still, 
however, some countries, particularly Russia, where the husbandmen 
are subjected to the yoke of personal slavery, and form a real caste, 
condemned to a state of abject and perpetual degradation, to be sold 
Uke cattle with the land, and called serfs. They are said by the 
enlightened observ^ers who have written concerning them, and wit- 
nessed their estate, to be but a remove higher than the brute crea- 
tion, and governed by mere despotic force. 

In despotic states, as in Turkey and China, there are no orders. 
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§ VL — ^Density of Population. 

The more a mass is concentrated, provided it has a free space 
sufficient to move in, the more energy it will acquire. A small pop- 
ulous country, therefore, is in proportion more powerful than a state 
of vast extent thinly peopled. A country is looked upon as popu- 
lous when it contains 100 inhalHtants to tiie square mile. England 
is peopled at the rate of 275, and Ireland has 260 to the square 
mile ; but Scotland presents a less favorable proportion, being only 
about 90. 

The Island of Malta is probably the most thickly peopled country 
in Europe. It had more than 600 souls to the square mile. But 
these are to be regarded only as rare local exceptions. It is conmion 
enough to find in European Russia, governments which have not 
more than 20, or even 10 inhabitants to each square mile. Belgium 
appears to be the most densely peopled country, of any extent, in 
the world : it has 364 inhabitants to the square nule. 

The number of inhabitants is the foundation of every good sys- 
tem of finance ; the more individuals a counl^ contains, provided 
they have the means of subsistence, the greater progress wHl com- 
merce and manuflEictares make, and, consequently, we greater the 
increase of the revenues. The number of inhabitants ought equally 
to determine the number of the troops. It is computed that the 
niunber of men capable of bearing arms, form about one-fourth part 
of the whole population. 

The greatest effort, however, that a civilized state can make, in 
ease of extreme necessity, is to arm the eighth part of its population. 
No example, even of ttus, has occurred in modem history. 



§ Vn. — ^National Debts. 

The policy of contracting public debts is good or bad, according 
to circumstances. In general it is not desirable for a government, 
any more than for an individual, to be in debt: and yet some cases 
will justify a nation in drawing on its future resources. In pressing 
emergencies, taxation will not be adequate to the necessary expendi- 
tures ; and, even if it were, it would be better perhaps to distribute a 
part of the burden through many successive years, by means of 
loans, because the suddenly levying of an immense tax might check 
the productive faculties of the pe(^le ; and no wrong is done to pos- 
terity by this, where the object of the expenditure usually creates 
demand for an increased quantity of the products of the country, 
and thus stimulates industry. I^ lor example, the govermxient hat 
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a large annj to maintain on its own territory, and the products of 
the country can supply it with arms, doihing, food, and all other 
articles, the army will be a stimulus to all kinds of industry con- 
cerned in affording its suppHes. It may even happen that the 
Tery burden, or what seems to be one, wil\ enable ihe people in 
general to be better dothed, fed, and lodged, since the means of a 
people, to produce the luxuries and comforts of life, depend very 
materially upon the &cility and rapidity of exchanges of products 
of difi^nt sorts of labor, and great public expenditmre often creates 
a market by increasing consumption, and thus stimulating industry. 
But, if the expenditure employs only the industry of a foreign 
country, or if an army is to be maintained abroad by the supply of 
artides wholly the product of foreign industry, there is no such 
compensadoa for the burden of the tax. Another advantage of 
pubhc debts is their affording a means of investment, and thus en- 
couraging the accumulation of property. Lands, houses, banks, 
«^ mineB, and aU other specieB of pennaiient property, affi>«i a 
stimulus to mdustry and economy, as they offer the means of en- 
ioying permanently the fruits of acquisitions : and public stocks have 
we same effect Another effect of public debt is its attaching the 

tublic creditors to the government But before their number can 
e sufficiently large to make their aid important to the government, 
the naticmal debt must probably be increased by an amount that will 
lender it burdensome. Amon^ the disadvant^ arising from the 
facility of contracting permanent public debts, one is the ^Eidlity which 
it gives for the carrying on of wars and the indulging in other ex- 
penditures. And upon the whole, we may lay it down as a sound 
rule both of policy and morality, that distant generaticms should not 
be left to pay lor the extravagance or the follies of the present. 

The wars of Europe, since the public debt of Great Britain com- 
menced under William HI., are mainly attributable to this cause. 
Another disadvantage is the burdensome taxes to which the neces- 
sity of pajring such a debt may subject the people. This is the 
operation of the national debt of Great Britain at the present time. 
It is impossible to prevent the burden of taxation from felling, directly 
or indirectly, in a very great degree, upon the laboring classes ; and 
in Great Britain this has becon^ so heavy to the mere laborer, who 
has no capital, that his wages will but just support, or will not sup- 
port, himself and his &mily in the cheapest manner of living ; and 
Ids life becomes one desperate struggle against want and starvation. 
At the present time, about three ^hs of the whole annual revenue 
goes to pay the interest of the national debt. Another most disas- 
trous result of a national debt is, that it forms a vortex for gathering 
the property of a nation into a few hands, adding to the incomes of 
fboie who have already mcHre than enou^ and rendering those 
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of the middle and lower classes pennanently smaller. For a great 
part of the money raised off the mass of the nation, to pay the in- 
terest to the wealthy capitalist, never finds its way back, except in 
the shape of principd, lent to draw in still more interest. 



§ VJIL — Obioin op Standing Forces. 

An armed force, naval and military, is unfortunately, but neces- 
sarily, an object of the first importance to every government. 
Savage tribes, and even half-civilized nations, are accustomed to 
inari(£ against their enemies, all the males fit to carry arms ; and in 
some savage nations even part of the females accompany their hus- 
bands and brothers, not only to carry the provisions, but to fight, as 
is often the case with the ^umaffche Indians. Fishing and hunting 
are occupations which savages carry along with them; and the 
women left at home may be sufficient for the employments of agri- 
culture and the tending of cattle. But as soon as labor is multi- 
plied, and consequently divided, that is, as soon as the agricultural, 
xnann&cturing, and commercial classes, have each a separate exist- 
ence and place in society, it is impossible to arm and bring into the 
field the entire mass of a nation, without completely suspending the 
exerdse of those trades and occupations on which its subsistence 
depends. It therefore becomes necessary to form a class exclusively 
devoted to the trade of war. Such was, in the middle ages, the 
design of the order of the nobility and of chivalry. But the inven- 
tion of gunpowder and artillery, the introduction of a new system 
of fortification, aud thd perfection to which tactics have been brought, 
have converted the former simple and almost mechanical art of war 
into a profound and extensive science, to the study of which many 
years must be devoted. This consideration, strengthened by motives 
of ambition and policy, gradually paved tlie way for the establish- 
ment of standing armies. The European powers have had, for more 
than a century, a certain number of troops in a state of perfect dis- 
cipline and equipment, ready to march at one moment's warning. 
In supporting these troops, one third, and often one half, of the 
pubUc revenue is often consumed. 



§ IX. — Standing Army, or Land Force. 

A standing army, or land force, is composed of four principal p^trts, 
with their divisions, viz. : the infantry^ or combatants on foot ; the 
cavalry^ or combatants on horseback ; the artillery^ whose province 
it is to work those engines of destruction, on the skilful manage- 
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ment of wliich the suooess of the battle often depends^ andihA 
engineers^ who conduct the defence and attack of fortified places. 

Besides the army, every countiy where civilization prevails, is 
possessed of a collection of ships fined with armed men, and called 
a navy^ or marine army, for the defence of their coasts and fortresses, 
and the attack of their enemies on the sea. 

In the history of armies, we can distinguish those of three di£^r- 
ent periods : first, the ancient armies, which arrived at their perfec- 
tion under the Romans ; second, those of the middle ageSy the (M- 
spring of the feudal sptem, ill-organized bodies, created only for a 
short time, and undoubtedly the worst that history makes known to 
us ; third, modem armies, or such as have existed'since the inven- 
tion of gunpowder. 

As long as personal strength, cDurage, and dexterity decided the 
ihte of a battle, war had great charms IqjL characters in high station. 
At that period, science had not become mcorporated with the very 
Kfe-blood of society ; and the want of intellectual occupation con- 
tributed its share in making war a &vorite pursuit with the higher 
classes. They fought mailed in thick armor from head to foot, 
bearing heavy shields or bucklers on their left arm, to ward off the 
blows of their antagonists. They were equipped and maintained 
at their own expense, and were accompanied by armor bearers to 
take care of this appurtenance. Under such circumstances, the art 
of war could never attain to perfection of a high degree, nor could 
the organization of an army be very complete. 

The tournaments^ or tilting matches of the middle ages, which 
used to bo attended by the flower of chivalry, were established by 
certain monarchs for 1^e purpose of keeping alive the military prow- 
ess of their nobles during peace, and exercise their skill by a species 
of military game, which, while it served to amuse the court, was 
supposed to be valuable in its influence. 

It was not till the wars between Francis I., and Charles V., that 
the great importance of a regular infantry could be seen, and the 
Swiss, then the best foot soldiers in Europe, often determined the 
battle. The introduction of fire-arms had destroyed the ambition 
of the nobles for distinguishing themselves, for war was soon reduced 
to a system ; the estimation of infantry constantly increased ; volun- 
teers became more rare ; and the advantages of regular tactics began 
to be felt, by which generals wore enabled to direct the movements 
of armies with greater exactness. 

It became necessary to take mercenaries from the lowest classes 
of the people, and as military tactics, at the same time, reduced the 
art of war to a science, it required a more thorough and regular 
training. The individual and his prowess was lost in the mass <tf 
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r^ularly trained and disciplined officers ; and standing annies were 
at lengtli establisbed, and rose continually in estimation. 

Succeesive monaidis did much to improve and elevate the art of 
■war, among whom were Henry IV., of France, and particularly 
Gustavus Adolphus, king of Sweden, who established smaller divis- 
ions, introduced lighter weapons, and made many improvements in 
artillery, by which quicker, and more complicated movements became 
practicable. Repeated victories proved tibe advantages of this new 
system, which even his celebrated opponent, Wallenstein, acknowl- 
edged. In the time of Louis XIV., the whole system received another 
form, under his minister of war, Le Tellier, and his son and suc- 
cessor Louvois, tactics being particularly improved by Turenne, and 
other contemporary generals. Standing armies attained at this pe- 
riod, an extent hitherto unexampled. Instead of 14,000 men, which 
was the extent of Henry IV.'s standing army, Louis XIV. brought 
140,000 men into the field. 

France having set the example, all the powers of Europe followed 
it, except Engkmd and Holland, who for a long time opposed the 
principle of increase to the army, regarding standing armies danger- 
ous to freedom. A continually increasing scale measured its numbers, 
while France continually secured her boundaries by fortifications. 
Prussia particularly came forward under William I., and supported 
an army fax exceeding the proportion of her population ; whence she 
was induced to set the example of foreign levies. In this originated 
a difficulty hard to obviate, in the hour of danger ; a large portion 
of the army could not be depended upon, and it was found almost 
impossible to maintain discipline over this portion, consisting of the 
refuse of foreign nations. The native soldiers, also, were corrupted 
by the association, and it was found necessary to reduce the army 
to a machine, in order to make such materials serviceable. Tliis 
idea was put into execution by Frederic 11. The system of standing 
troops was carried to such an extent as it had never reached before, 
and Prussian tactics became a pattern for all the other states of 
Europe. This system, however, had fatal imperfections. The great 
nimiber of foreign vagabonds enlisted, led to the introduction of a 
degrading discipline, which made the condition of the soldiery com- 
pletely miserable. Every prospect of advancement, and all ambition 
was destroyed, by the exclusive promotion of officers taken from the 
ranks of the nobility, and even their promotion was determined by 
the length of service. This system seemed to be carried to its height 
when the French revolution broke out, which shook Europe to the 
foundation. 

Standing armies had now become bodies having little connection 
with the nations by which they were maintained. The mercenaries 
alone were anned ; the nation had become altogether defenceless. 
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At the same time, the armies had become so much enlaiged, hejooA 
the proportionate wealth of the states, that they were in a great 
measure useless. They had become mere machines, without the 
Flightest moral incentive. The consequence was, that when the bum- 
1!)^ and mad fiiry of the French populace became excited against the 
goverumeut, (and consequently against its unwieldy and rusty en- 
gines,) a new mode of carrying on war, — produced by the exigencies 
of circumstances, and by the rapid, bold, and energetic efibrts of 
Napoleon — overturned multitudes of common and established form&y 
and carried victory in its train, until the opposing powers had learned 
to make it their model, and thereby restored the equilibrium. 
When Napoleon ultimately began to use his army more and more as 
a machine, for the promotion of his ambitious designs, then the 
other European powers, taught by experience, called the nations 
themselves to arms, in behalf of freedom ; and it was demonstrated 
anew, that no excellence of discipline, no mechanical perfection of an 
army, can enable it to withstand, for any length of time, mental en- 
ergy and excitement, though connected with i^ inferior discipline. 

The armies on the continent of Europe, are generally raised at 
present from among the citizens, who are bound to serve for some 
time, and are then assigned to the class reserved for some sudden 
emergency. The time of service varies from three or four, to six or 
seven years. In the United States, no citizen is obliged to serve in 
the standing army, but only in the militia, which is destined merely 
for the defence of the country ; and even this he can often avoid by 
paying a small commutation. The organization of armies is nearly 
ahke throughout Europe ; and all the great powers have paid much 
attention to the perfection of all classes of troops. 

The military schools of all these countries for the officers of differ- 
ent rank, as well as for the various kinds of troops, particularly those 
of France and Prussia, are excellent Among the Prussian troops, 
learning is so universally cultivated that the army is considered as a 
great institution for the diffusion of knowledge, because every Prus- 
sian serves without being allowed to send a substitute ; and in each 
regiment, schools are kept for the privates. With respect to internal 
organization, the armies of the European continent surpass the Brit- 
ish, in which the practice of selling commissions, the expense of the 
half-pay system, and the non-promotion of privates, remind us of the 
continental armies, such as they were sixty years ago. In tlie army 
of the United States, commissions are not sold ; and the half-pay 
system has not been adopted. The artillery branch of its army is 
the most efficient in the world ; and the cavalry and infantry tactics 
are on the most approved plan. 

In modem times, we designate by the name of standing armies, 
bodies of troops, which, in time of peace, are kept under arms (ot the 
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defence of the state, within and without, trained to war, and paid by 
the government ; whence the name of soldiers^ from solidus, (Ital- 
ian 9oldo^ a shilling, which was their daily pay. These troops may 
be composed of persons obliged to bear arms or not, of natives, or 
of foreigners. In this sense of the word, we find standing armies 
first in the monarchies of modem times, when the general introduc- 
tion of fire-arms had changed the whole art of war, rendering per- 
sonal courage of less consequence, and supplying its place with dex- 
terity and mechanical skill, which can only l^ acquired through 
practice. 

The first standinir army consisted of mercenaries, assisted at first 
hj the feudid inm<4 whJ graduaUy disappeared, a^ miUtary service 
and discipline assumed a more systematic character by means of 
standing troops. 

The mtroduction of standing armies has been generally referred to 
the reign of Charles VIL, king of France, who, by means of them, 
overawed his rebellious vassals, and increased not a little the power 
of the crown. 

King Philip Augustus, in consequence of the absence of great 
numbers of his vassals in the crusades, had introduced, as early as 
1215, the "district levies," composed of the inhabitants of the cities 
and villages, of which no dty furnished more than four hundred or 
five hundred. These served with the feudal militia, at the expense 
of the cities to which they belonged, and only at a certain distance 
firom them. The power of the cities was thus increased, and the 
citizens formed in war a separate order, independent of the nobles. 
It was, in a great measure, owing to this cause, that they came to 
form a third estate in the administration of government. 

These troops of Philip and his successors, consisted of feudal 
militia, of the " district levies," and of irregular troops, who were 
taken into pay, (whence the name soldats, or soldiers,) and formed 
into companies. The imperfection of the first class, who often made 
war on each other, and paid little regard to the public summons, 
and the rapine of the other, led Charles V. of France, to meditate 
a change, and Charles VII., to establish a better military system. 
After long consultation with the nobles, he laid the foundation, in 
1445, by selecting fifteen captains, whom he ordere<? to choose the 
bravest men from the troops, and vDrm them into as many compa- 
nies. These were maintained, in war and peace, by the cities and 
villages. Henceforward the feudal militia fell more and more into 
disrepute, and the vassals assembled their forces only on occasions of 
great emergency. The feudal militia, however, was not wholly sup- 
planted by mercenaries, until the eighteenth century. In 1448, 
Charles established a corresponding iirfantry, called Free Archers^ 
which, in conjunction with me troops just described, constituted a 
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yetj respectable armj. The military system, thus estabHshed m 
France, spread theDce into the other countries of Europe. 

With the progress of standing armies in France, and the increase 
of wealth, the standing armies of other countries increased also; 
especially those of Holland, England, and Crermany. When this 
increase arrived at its highest point, and the decision of war became 
almost entirely dependent on numbers, the duty of military service 
was extended to all the citizens, and a system of conscription was 
introduced, (adapted to the condition, population, and the necessities 
of a state,) oy which all the citizens of a certain age, capable of 
bearing arms, were called upon to do military duty, for a longer or a 
shorter period. In this way, standing armies and the mihtair, con- 
sidered as a separate profession, were, to a great degree, aboushed ; 
and all the citizens able to bear arms being disciplined for the pro- 
tection of their country, and obliged to act for its defence, the num- 
ber of troops became proportionate to the natural resources oi the 
states ; and military d^cipline became more liberal and honorable. 
Such has been the case, at least on the European continent, and the 
standing army is no longer the sole, and, with some governments, 
not even the chief military power. Malte Brun, in his geomiphy, 
estimates the proportion in me principal states of Europe ; out for 
the reason given oelow, the estimate is imperfect 

The European armies have of late been, and still are chan^ng so 
rapidly in numbers, that the proportion which that of every coun- 
try bears to the whole population cannot be given with any degree 
of accuracy. We can only say that, among the five great powers, 
those of Prussia and Bussia bear the largest proportion, and that of 
Britain bears the smallest proportion to the total population of the 
country. In the last country, there is about 1 soldier to every 300 
of the population of the British Isles, or 1 to every 1500 in the 
whole empire. 

The United States of America have now on foot about 10,000 
men, which is 1 to every 2100 of the population. The late war 
with Mexico demonstrated the efficiency of their army in a manner 
which excited the surprise of the European powers ; and it proved, 
more clearly perhaps than it had ever been shown before, that it is 
skill, and mental energy and intelligence which makes the true 
warrior, and not mechanical tactics or brute force. 



§ X. — ^Militias. 

A militia^ (literally, soldiery,) in the modem adaptation of the 
word, is a body of armed citizens, regularly trained, though not in 
constant service, in time of peace, and thereby distinguished from 
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standing armieB. It includes all classes of the citizens, (with certain 
exceptions,) who are drilled at particular periods, and liable to march, 
in cases of emergency, against the enemy. The regular organization 
of the militia £stinguishes it from a general levy. The militia 
exists in different countries under different names. Thus, in France, 
it is called The National Guards ; among us the Militia; and 
in Austria and Prussia, Landwehr^ or Defence of the Land. 

In the times of the feudal system, each nobleman was a mon- 
arch in miniature, and kept his own warriors in his castle or ter- 
ritory : the difficulty of assembling a general army was immense, 
and the rebellious noblemen, at different periods, set royalty at 
defiance, defended their rights by means of their vassal warriors, 
and drawbridge castles, massively fortified, and occasionally menaced 
to overturn the government, and assert the rights of sovereigns in 
their own persons. The cities were, therefore, obliged to marshal in 
their own defence certain bodies of citizens, who were armed for the 
purpose of supporting the municipal and individual rights, and 
make head against opposing factions ; and thus out of these circum- 
stances, and a native republican spirit, first sprung the militia, for the 
defence of individual property and righte, from the incursion of in- 
ternal enemies, as well as external foes. 

The array of Sweden was, at an early period, a kind of general 
militia. The army consisted of twenty-one regiments, of which each 
owner of landed property was bound to iftuntain one man. They 
ass^nbled for three weeks every year, and had a general muster, 
and during this time, as well as in war, received full pay. This was 
the case in Prussia till very recently. The Danish army followed 
the same plan ; one third being enlisted foreigners, and two thirds 
native soldiers, who were supported by landholders, but were com- 
pelled to aid the latter, in the cultivation of their estates. In Ger- 
many similar plans were adopted. The privates and non-com- 
missioned officers of the militia followed their agricultural or me- 
chanical pursuits, and were generally under the command of 
officers out of active service. They were only obliged to serve 
within the country, s Frederick the Great of Prussia used them to 
garrison fortresses. The same was the case with the Austrian mili- 
tia. The bad organization, and unmilitary spirit of these troops, 
made them at all times a butt for ridicule to the troops of the line. 
In some cases, it was even considered allowable by the laws of war, 
not to give them any quarter, when they were employed out of the 
limits of the country, and were taken prisoners. They became 
extinct almost everywhere on the European continent. Similar, but 
better organized, was the English mihtia. The origin of the Eng- 
lish militia is generally traced back to Alfred the Great. The feudal 
militfiiy tenures succeeded in that country ; and, although the per- 
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■onal services required bj this system degenerated by degrees into 
pecuniary commutations, or aids, the defence of the kingdom was 
provided for by laws requiring the general arming of the citizens; 
and lord lieutenants were appointed, in the reigns of Philip and 
Mary, for the purpose of keeping the counties in military order. 

When Charles I., of England, issued, during his northern expedi- 
tions, commissions of Lieutenancy, and exerted certain military pow- 
ers, as the prerogative of the crown, it became a question in the 
Long Parliament, how fiur the power over the militia did reside in the 
crown ; which ended by the two houses of Parliament taking the 
entire power into their own hands. After the rest(»*ation of Charles 
IL, the military tenures being abolished, the sole right of the crown 
to govern and conmiand the militia, was acknowledged. 

With regard to the militia of the United States, it was provided 
by an act of Congress in 1792, that all able-bodied white male ciU- 
sens between the ages of 18 and 45, excepting clergymen, officers 
of government, members of Congress, mariners in service, ic, ike, 
should be enrolled in the militia. The persons so enrolled, were to 
provide themselves with common arms of in^Etntry, smd with ball, 
cartridges, &g^ at their own expense. These were arranged into 
brigades, regiments, companies, <&c., as the state legislatures might 
direct. Each battalion was to have at least one company of grena- 
diers, light infantry, or riflemen ; and each division at least one com- 
pany of artillery. Proper ordnance and field artillery was to be 
provided by the government. The cavalry and artillery troops were 
to consist of volunteers from the militia at large, not exceeding one 
company to each regiment, and to equip themselves, with the excep- 
tion of the ordnance above-mentioned. The substance of these en- 
actments is still retained ; although many alterations have since been 
made. The present militia force of the United States is nearly two 
millions ; and the results of the late Mexican war prove that, not- 
withstanding the ridicule with which citizen soldiers have been some- 
times assailed in this country, as well as by the mercenaries of Euro- 
pean monarchs, an efficient army can readily be levied from them, 
adequate to meet any emergency. It is to be hoped, however, that 
there may never be any occasion for their giNing a practical exhibi- 
tion of their strength. 



§ XL — ^Balance of Power. 

Among states, this is a principle of foreign policy intimately con- 
nected with the general peace and independence of nations, but 
which some have treated as chimerical, while others have rejHresented 
it as having led only to pernicious results. It is more generally adr 
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matted, however, to have a real foundation in the rules of intercourse 
and union among states, and to have exercised a great influence on 
the affiiirs of modem Europe. Though the policy in question was 
not wholly unknown to other ages and countries, it was nowhere sys- 
tematically pursued hut among the European nations of modem 
timeB. 

Pftvious to the sixteenth century, there was little political connec- 
tion among the European nations, their circumstances heing such as 
not to admit of any regulated attention to foreign affiiirs ; hut, ahout 
the commencement of that century, they hegan to form one grand 
community, or federal league, of which the actuating principle was 
the preservation of the halance of power. Attention to this princi- 
ple thenceforth influenced all the great wars and negotiations, and 
made every foreign movement, however remote, an object of interest, 
throughout every part of the system. 

The ultimate intention of the system founded on the balance of 
power is, to secure every state in the full possession and enjoyment 
of all its rights, by making its safety and independence objects of 
interest and guardianship to its neighbors. It endeavors to accom- 
plish this great end, by teaching that it is the interest of all states to 
check the first encroachments of ambition, to watch every movement 
of foreign powers, and to unite their respective forces in support of 
the weuc against the strong. It is called the balancing system, 
because its aim is to prevent any state itom aggrandizing itself at 
the expense of its neighbors, and to counterpoise any state that may 
have become too powerful by a union of the forces of others ; and 
this union is recognized by the term allied powers. 

It has sometimes been supposed that its object was to equalize the 
powers of states composing a common system ; and as it is plainly 
nnpossible either to effect or to maintain such an equality, it has , 
thence been concluded, that the whole system is founded upon a 
chimera. But, with a view to the real objects of it the question is 
not what amount of power above another any state possesses, pro- 
vided the power so possessed be feiirly acquired, but whether any 
state possesses its power in such circumstances as to enable it to 
trespass at pleasure on a weaker neighbor. K there be no other 
state or confederacy of states capable of counteracting any injurious 
designs which a greater power might undertake, then it is said there 
is no balance ; but, if there be such a counterpoise, this is all that 
the balancing system requires to produce what, in its language, is 
called an equilibrium. In order to make this point as clear as pos- 
sible, we b^ leave to refer to the following definitions of the balance 
of power given by Vattel, and by Gentz. " By this balance," says 
the former, ^^ is to be understood such a disposition of things as that 
no one potentate or state shall be able absolutely to predominate 
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and prescribe laws to the others." (Law of Natioiia, BL 3d, Qasf, 
3d, g 47.) ^^ What is usually termed balance of power," says 
Gentz, "is that constitution subsisting among neighboring states, 
more or less connected with one another, by virtue of which no one 
among them can injure the independence or essential rights of an- 
other, without meeting with effectual resistance on some side, and 
consequently exposing itself to danger." (Fragments on the Political 
Balance, chapter first) 

Thus, then, it is distinctly understood, that the balancing system 
is not grounded upon an equality among states, in respect of power, 
but upon a union of powers to repress the enterprises of the strong 
and ambitious, and to coimteract the effects of necessary individual 
inequalities by aggregate strength. It is quite indispensable to the 
existence of such a system, that one state should not be permitted 
to obtain such a superiority of power as to enable it to overawe all 
opposition, and make the safety of those around it dependent upon 
its wiU. And, as it is the disposition of all unchecked power to 
extend itself the balancing S3rstem inculcates it as the interest as 
well as the right of every state to join in opposing the first encroach- 
ments of any ambitious potentate or community. It teaches that 
the danger extends much further than to the party immediately 
attacked or menaced ; that one encroachment will pave the way to 
another ; and that it is therefore wise to meet the danger while yet 
distant, and capable of being combated with less peril or loss. 
The right of interference to put down a danger of tins kind is, in 
fact, only a modification of the right to resist an immediate attack. 
All human experience shows that the state which is suffered to 
aggrandize itself, at the expense of one neighbor, will, with its in- 
creased means, acquire stronger dispositions to encroadi much fur- 
tiier ; and therefore self-defence authorizes us to treat as an invader 
any potentate whose conduct entitles us to conclude that he only 
waits an opportunity to become so in effect. " As long," says Bacon, 
" as men are men, and as long as reason is reason, a just fear will be 
a just cause of preventive war ; but especially, if it be part of the 
case, that there be a nation who is manifestly detected to aspire to 
new acquests, then other states, assuredly, cannot be justly accused, 
for not paying for the first blow, or for not adopting Polyphemus's 
courtesy, to be the last to be eaten up." (Speech concerning a war 
with Spain.) This is peculiarly and emphatically the language of 
the balancing system, viz., "Look well to the safety and independ- 
ence of your neighbors, even the most remote, if you wish to pre- 
serve your own." The principle of interference to prevent the 
progress of a dangerous power rests, both as to right and policy, 
upon the most obvious dictates of experience and prudence. No 
atate ever yet acquired a preponderating power, without abuaiog it ; 
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and therefore, it is the right and interest of all states, to prevent 
may one from rising to such an ascendency as may endanger the 
oommon safety. The right in question, however, is that of guard- 
ing against injury justly to be apprehended from the conduct of a 
state which uses improper means of aggrandizement As far, there- 
fore, as measures of hostility are concerned, there must be actual 
encroachment in order to warrant them. The balancing system 
does not say there shall be no alterations in the relative strength 
of states; for a state may j&urly and honorably increase her power 
by wise l^islation, or by the cultivation of her own internal re- 
Bources. 'u) attempt to impede a state, which takes this road to 
greatness, would be to make war upon those very arts, by the suo- 
oesBful cultivation of which, peace and happiness are difiused through 
the world. The aggrandizements to wluch the balancing system is 
<»po6ed, are those attended with immediate violence to some, and 
tmich infer violence to others. All that nations can do, when a 
neighbor becomes formidable in a &ir way, is to watch her, and 
to draw closer those ties of alliance which may enable them to coun- 
teract any bad use of her power. When Lord Bacon, in his essay 
on Empire, counsels princes to ^^keep due sentinel, that none of 
their neighbors should so overgrow by increase of territory, by com- 
merce, or the like, as to become more able to annoy them," he does 
not mean that the growth of a state by commerce is to be pre- 
vented, as in case of his extension by seizure of territory ; but that 
all great power, however acquired, is dangerous in its nature, and 
ou^t to be counterpoised by timely confederation. 

There is another way in which a state may become formidable, 
and that of a sudden, where the balancing system does not authorize 
inmiediate hostile interference. We allude here to the case of a 
sovereign who acquires a great accession of power by marriage, or 
by inheritance. " It is a sacred principle of the law of nations," 
says Yattel, ^ that such an increase of power cannot, alone and of 
itself give any one a right to take up arms, in order to oppose it." 
Grotius and Pufifendorf maintain the same opinion, in decided terms. 
But suppose a sovereign who has displayed an encroaching disposi- 
tion, is about to acquire, in this way, an accession of power \mich 
would render him formidable to his neighbors ; in this case, as Yattel 
shows, the maxims of the balancing system authorize an immedi- 
ate interference to procure securities, or, according as the danger is 
eminent, to prevent altogether the impending aggrandizement ^ It 
is, perhaps, unprecedented," says Yattel, ^ that a state should receive 
any remarkable aoces^ons, vrithout ^ving other states just grounds 
to interfere ; but should it be otherwise, the balancing system recom- 
mends keeping a watchful eye upon that state or that power, and 
the formation of a counterpcnse by means of alUanoes." The grand 
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ezpedientB of the balancing system, therefore, are vigilant inspeetion 
to discover, and prompt union to counteract in their birth, all sudi 
projects of encroachments as powerful states will ever, when oppor- 
tunity offers, be ready to form. By employing resident agents to 
procure speedy information, and by the weight of joint warnings and 
reclamations, in every case of apprehended or of real injury, the 
balancing system is supposed to furnish the only peaceful means, 
which human wisdom can devise, to control the conduct of independ- 
ent states, the only means which can be employed to guard against 
injustice, or obtain redress without actual appeal to the sword. 

It was the habitual employment of these expedients, with a view 
to guard against distant dangers, that distinguished the balancing 
system, as exemplified in modem Europe, from those momentary cf 
forts, and loose confederacies, in which all nations, and even the 
rudest tribes, have occasionally united, in order to repel or pull down 
a common enemy. 

The object of the system is always the same, viz. : to preserve 
such a distribution of power, amid the varying relations of states, m 
ihall most effectually check the spirit of encroachment, and confine 
every potentate to his own dominions. 

The preceding observations attempt to give a general idea <^ the 
nature, intention, and means of mmntaining a balance of power 
among a number of connected nations of di&rent degrees of power 
and magnitude. We shall finish by a few remarks on ihe history 
and results of this branch of policy. 

The fundamental maxims which, according to Ghentz, constitute 
the necessary conditions of the beneficial existence of such a system 
are — 1st. That no one state in the common system, must ever become 
80 powerful as to be able to coerce all the rest put together. 2d. 
That if the system is not merely to exist, but to be maintained, 
without constant perils and violent concussions, every member who 
infringes it, must be in a condition to be coerced, not only by the 
collective strength of the other members, but by any majority of 
them, if not by one individual. 3d. That if ever a state attempts, 
by unlawful enterprise, to attain, or does in ^t attain to a d^ree 
of power which enables it to defy the danger of a uiiion of several 
of its neighbors, or even of the whole, such a state should he 
treated as a common enemy ; and if that state has acquired such a 
degree of force by accidental circumstances, without any violence 
whatever, whenever it appears on the public theatre, no means which 
political wisdom can devise for the purpose of diminishing its power 
ahould be neglected or left untried, whenever it appears on the public 
scene of action. 

The knowledge of the ancients with r^ard to these great prindh 
plea of national safety, and the period when they obtained a decided 
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influence among tlie moderns, are points of considerable historic in- 
terest. 

Mr. Hume lias proved, in a very satisfactory manner, that the 
principle of preserving a balance of power, is distinctly to be recog- 
nized in many of the great political transactions of the ancient 
world. The same thing had previously been shown by Kahle, a 
&mons physician, in a learned work published at BerUn in 1744. 
The anxiety of the Greeks, with regard to the principle of equilib- 
riom among states, was particularly manifested, in that ramous 
league against the rising power of Athens, which produced the Pel- 
oponnesian war. Athens herself showed that she both knew and 
nactised this policy, by constantly throwing her power into the 
lighter scale, when Thebes and Sparta came to contend for the mas- 
twy of Greece. The orations of Demosthenes frequently display 
rery clear views, and extensive ones, in this branch of policy. " In 
that for the Megalopohtans, we may see,'' according to Mr. Hume, 
** the utmost refinements in the balance of power that ever entered 
into the head of a Venetian or an English speculatist ;" and by a 
later writer. Brougham, in his " Colonial Pohcy," this speech is also 
X>inted out as containing discussions of some of the most delicate 
Mtfta of the theory. It seems, in short, to be no longer a question, 
hat it was only with the phrase, and not the idea of a balance of 
Kywer, that the ancients were unacquainted. It was the more constant 
operation of the principle in question which gradually formed the 
lations of Europe into one great republic, or federal league, whoso 
ommon bond of union was the guarantee which it afforded of their 

tpective independence. 

In modem Europe, a number of considerable states were formed, 
inder such circumstances as tended peculiarly to promote a regular 
ntercourse among them, and, consequently, to develop and systema- 
tize this great prinaple of national security. But it did not begin to 
oaanifest itself until, in the gradual and similar progress of European 
lociety, the power of the sovereigns of these states was so far con- 
solidated as to enable them to give a part of their attention to for- 
ei^ affitirs, and to maintain armies beyond their own frontiers. It 
was in Italy, where civilization was more advanced, and where there 
existed a number of small states and commonwealths, whose safety 
lequired that they should keep wateh on each other, that the modem 
system of interference took its beginnings. From an early period of 
we fifteenth century, we see the balance of power as constant an 
object of concern among these states, as in the sixteenth century it 
became an object of concern throughout the whole of Europe. 
Guicciardini, in his Italian History, presents a splendid picture of flie 
beneficial eflfecte, the long peace, and general independence, attendant 
upon this halntual attenticm to the bakncing prindple. It was about 
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tlie end of the same century, that these ideas b^an to extend ts ' ^ 
other quarters, and to actuate the movements of greater pot^tates. 
Tli'.'re were even then several princes possessed of large tdngdoms, ^J 
vith i)Owers and prerogatives which enabled them to take part in V 
ditFerent wars and negotiations. The fin^t great movements of an I' 
ambitious neighbor would naturally excite their Jealousy, and bring J 
them to act in concert Thus when Charles VITI., of France, in- ^ 
vaded Itily, in 1494, and laid claim to Naples, the sovereigns of 
Spain and Gennany saw the expediency of listening to the Italian 
princes, who suggested a confederacy to prevent France from gaining 
an accession of power which could not but render her a dangerous 
neighbor. During that triumvirate of kings, Henry VIII^ of Eng- 
land, Francis I., of France, and Charles V., Emperor of (Germany, 
there was such a watch kept over them, that none of the three could 
win a rood of ground, but the other two would immediately balance 
it, either by confederation, or by a war, if necessary. 

" Long before the states of Euroj>e,'' (says M. Villers, in his able 
work on the Reformation,) ** became united in a general system, Italy 
and Germany had formed partial systems, with a view to restrain 
the members within them, each by the other, and maintain a balance 
of power." The states of Europe embraced the idea of a balance 
of power, in proportion as their circumstances enabled them to act 
upon it, and not in consequence of any estimate of its effects, as dis- 
played on those narrower and earher stages of its agency. The 
object, therefore, of a balance of power, is to alarm and arm all 
against the prince, whose power prompts him to transgress upon 
others ; and the prince who knows that all his motions are keenly 
watched, and that his first successes would only expose him to a more 
extended contest, must see how hopeless must be any attempt to 
possess himself of the territories of the weakest of his neighbors. 

The great changes to which the American revolution opened the 
door, have rendered the doctrine of the balance of power of less 
consequence than formerly. 'ITie great object of jealousy among 
European monarchs now is, not their neighbors, but their onm mbjects. 
They fear the rising power of democracy, much more than they fear 
each other. They have been made aware, in short, that hereafter, 
they will have to contend, not for more territory, but for their crowns 
and revenues. The immense strides of this young republic towards 
irresistible power, combined with the striking and increasing pros- 
perity which attends its growth, fills them with alarm. They see, 
also, their subjects will be apt to conclude that crowned heads, state- 
paid priests, and a prinleged class of nobility, are things not essen- 
tial to public prosperity, or private morality, but rather a heavy 
incubus on both ; and the many attempts very rec^itly made in 
many parts of Europe to establish repubhcan govemmentB, clearly 
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infcfm US Hiat many of tha masses have already learned that lesson, 
nuroaglioat the greatest part of Europe, the ambitious views, and 
private wishes of rulers, are beginning to be controlled by the views 
and wishes of their subjects. These are beginning to open their 
fly€8 to the legitimate objects of government. 

"Hie right divine of kings to govern wrong" 

has been so completely exploded, that it is likely to be even forgot- 
ten, at no distant period. Absolutists are now obliged to trust 
mainly to brute force, to keep down their subjects, and in such or- 
cumstances, the balance of power is not likely ever again to assume 
the importance it once held. To the New World, it cannot apply : 
for here the whole weight is already in one scale ; and the diabolical 
partition of Poland, perpetrated when the system was yet in full 
vigor, proves that its value was much less than it was once estimated. 



PART IV. 



PUBLIC ECONOMY. 



§ L-^Balance of Trade. 

BcUanee of trade is the term commonly used to express the differ- 
ence between the value of the exports from, and the imports to, a 
country. The balance is said to be favorable, when the value of Uie 
exports exceeds that of the imports — ^and unfavorable, when the value 
of the imports exceeds that of the exports. The attainment of a 
fiivorable balance was formerly regarded as an object of the greatest 
importance. The precious metals, gold and silver, early acquired, in 
consequence of their being used as money, an artificisa importance, 
and were long considered as the only real wealth either individuals 
or nations could possess. And as countries without mines could not 
obtain supplies of these metals, except in exchange for exported 
nroducta. it was condnded that if the value of the commodities ex- 
^ 16* 
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ported^ exceeded that of thoae impcffted, the balance would li 
be paid by the importation of an equivalent amount of the p 
metals, and conversely. A very large proportion of the res 
imposed on the freedom of commerce, during the last two cei 
grew out of this notion. The importance of having a £&voral: 
ance being universally admitted, every effort was made to att 
and nothing seemed so effectual for this purpose, as the devis: 
schemes to fitcilitate exportation, and hinder the importation of 
all products that were not intended for future exportation, exo&\ 
and silver. But the gradual, though slow growth of soimde 
ions, with respect to the nature and functions of nooney, show 
futility of a system of policv having such objects in view. It 
conceded that gold and silver are nothing but commodities 
that it is in no respect necessary to inteifere, dther to eno 
their importation, or to prevent their eiqxyrtation. In Great I 
they may be freely exported and imported, whether in the shi 
coin or bullion. 

The truth is, however, that the theory of the balance of t 
not erroneous merely from the false notions which its advocal 
tertained with respect to money ; it proceeds on radically mi 
views, as to the nature of commerce. The mode in which H 
ance is usually estimated, is, indeed, completely &llacious. IE 
sing, however, that it could be correctly ascertained, it woi 
found, in opposition to the common opinion, that the import 
every country that maintains a commerce with another, gei 
exc^ds the exports ; and that when a balance is formed, it is c 
certain cases that it is cancelled by a specie payment. 

The proper business of the wholesale merchant, consists in 
ing the various products of the different countries of the worlc 
the places where their value is least to those where it is greates 
what is the same thing, in distributing them according to the ef 
demand. It is dear, however, that Qiere could be no motive 
port any species of produce, unless that which it was intend 
import in its stead, were of greater value. When an Englisl 
chant commissions a quantity of Polish wheat, he calculates o 
ing for so much more than its price in Poland, as will be suf 
to pay the expense of the freight, insurance, &c, and to 3del 
sides, the conmion and ordinary rate of profit on the capital emp 
K the wheat did not sell for this much, its importation would 
ously be a loss to the importer. It is plain, then, that no mei 
ever did, or ever will export, but with a view of importing somi 
else more valuable in return. And so fiur as the excess of e: 
oyer imports being any criterion of an advantageous commera 
directly the reverse ; and the truth is, notwithstanding all tha 
been said and written to the ccmtrary, that unleM the Talne < 
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■Bports exceeded that of the exports, foreign trade could not be car- 
JiM on. Were this not the case, that is, were the value of the ex- 
alwajs greater than the value of the imports, merchants would 
on every transaction with foreigners, and the trade with them 
>x>iild be speedily abandoned. 

In England, the rates at which all articles of export and import 
re officially valued, were fixed so hi back as 1696. But the very 
■>eat alteration which has since taken place, not only in the value 
f money, but also in the cost of most part of the commodities 
roduced in that and other countries, has rendered this official valu- 
tion, though valuable as a means of determining their quantity, of 

use whatever as a criterion of the true value of the exports and 
Kiports. In order to remedy this defect, an account of the true and 
wlared value of the exports is prepared, from the declarations of 
Bie merchants, and laid before Parliament ; there is, however, no 
«!ch account of imports. And, owing to the difficulties which high 
Uties throw in the way, it is, perhaps, impossible to frame one with 
Dytbing like accuracy. It has also been alleged, and apparently 
^th some probability, that English merchants have not imfrequently 
een in the habit of exaggerating the value of articles entitled to 
xii>wbacks on exportation. But the recent extension and improve- 
iient of the warehousing system, and the diminution of the number 
f drawbacks, must materially lessen whatever fraud or inaccuracy 
lay have arisen from this source. Indeed, as most articles were 
barged with an ad valorem duty of 10 shillings per cent on exporta- 
ioo, we should consider that their value would be rather under than 
ver-jated. We believe, however, that their declared value comes 
)ery near the truth ; at least, sufficiently so for all practical purposes. 
fow the declared value of the English exports in 1832, was only 
536,046,027, being little more than half their official value, and 
tpjrards of £7,000,000 under the official value of the imports. 
^hat the excess of the latter might be, had we the means of com- 
taring their real value with that of the exports, it is impossible to 
ay ; but there can be no manner of doubt, that, generally speaking, 
t would be very considerable. The value of an exported commodity 

1 efltimated at the moment of its being sent abroad, and before its 
'alae is increased by the expense incurred in transporting it to the 
ihoe of its destination ; whereas, the value of the commodity im- 
Knted in its stead, is estimated after it has arrived at its destination, 
nd, consequently, after its value has been enhanced by the cost of 
Doght, insurance, importer's profits, <&^. 

In the United States, the value of the imports, as ascertained by 
he custom-house returns, generally exceeds the value of the ex- 
lorts. And, although our practical politicians have been in the 
labit of considering the excess of the former as a certain pro(^ of a 
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disadvantageous commerce, that is, a surplus of imports, the lol 
gain of the United States has been nearly in proportion as th 
value of their imports has exceeded that of their exports. Hm 
great excess of American imports has been occasioned in part \ij 
the Americans generally exporting their own surplus produce, and 
consequently receiving from foreigners, not only an equivalent k 
their exports, but also for the cost of conveying them to the for^ 
market 

"In 1811," says Mr. Pitkin, "flour sold in America for nine J 
dollars and a half per barrel, and in Spain for fifteen dollars.** TIm 
value of the cargo of a vessel, canying 5,000 barrels of flour, would 
therefore be estimated at the period of its exportation, at $47,500; 
but, as this flour would sell, when carried to Spain, for f 75,000, the 
American merchant would be entitled to draw on his agent in Spain, 
for $27,500 more than the flour cost in America, or than the sum 
for whicli he could have drawn, had the flour been exported in * 1 
vessel belonging to a Spanish merchant, and on his account. But 
the transaction would not end here. . The $75,000 would be vested 
in some species of Spanish, or other European goods, fit for 
American market, aud the fireight, insurance, &c^ on account of 
return cargo, would probably increase its value to $100,000; so 
that, in all, the American merchant might have imported goods 
worth $52,500 more than the flour originally sent from Spain. It 
is as impossible to deny that such a transaction iis this is advan- 
tageous, as it is to deny that its advantage consists entirely in the 
excess of the value of the goods imported over the value of those 
exported. And it is equally clear, that America might have had the I 
real balance of payments in her favor, though such transactions as ( 
the above had been multiplied to any conceivable extent. Thui^we 
see there is no connection between an unprofitable trade and an 
apparent preponderance in the value of imports. 

In the second place, when a balance is due by one coimtry to an- 
other, it is seldom paid by remitting specie from the debtor to the 
creditor country. If the sum due by the British merchants to those 
of the United States be greater than the sum due by the latter to 
thcni, the balance of payments will be against Britain; but this 
balance will not, and indeed cannot, be discharged by an exporta- 
tion of bullion, unless bullion be at the time the cheapest exportable 
commodity ; or which is the same thing, unless it may be more 
advantageously exported than anything else. To illustrate this prin- 
ciple, let us suppose that the balance of debt, or excess of the value 
of the bills drawn, by the merchants of New York on London, over 
those drawn by the merchants of London on New York, amounts 
to £100,000, it is the business of the London merchants to find out 
the means of discharging this debt with the least expense ; and it k 
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plain that, if they find that any less sum, as £96,000, will purchase, 
and send to New York, as much cloth, cotton, hardware, colonial 
produce, or any other commodity, as would sell in New York for 
£100,000, no gold or silver would be exported. For they will 
export goods to that amount, and then draw on their New York 
consignees, in fevor of their creditors. The laws which regulate the 
trade in specie, are not, in any degree, different from those which 
r^ulate the trade in other comm(^tios. Specie is exported only 
when its exportation is advantageous, or when it is more valuable 
abroad than at home. It would in fact be quite as reasonable to 
expect that water should flow fix>m a low to a high level, as to ex- 
pect that specie should leave a country, where its value is great, to 
go to one where its value is low. S})ecio is never sent abroad to 
destroy, but always to find its level. 

The balance of payments might be ten or a hundred millions 
against a particular country, without causing the exportation of a 
single ounce of specie. Common sense tells us that no merchant 
will remit $100 worth of -specie to discharge a debt in a foreign 
<x>untry, if it be possible to invest any smaller sum, in any species 
of merchandise which would sell abroad for $100 dollars exclusive 
of expenses. The merchant who deals in the precious metals, is as 
much under the influence of self-interest as he who deals in coffee 
or indigo. But what merchant would attempt to extinguish a debt, 
by exporting cofifee which cost $100, if he could effect his object by 
sending abroad indigo which cost only $99 ? 

The argument about the balance of payment is one of those that 
contradict and confute themselves. Had the apparent excess of 
exports over imports, as indicated by the British custom-house books 
for the last hundred years, been always paid in bullion, as the sup- 
porters of the old theory contend is the case, there ought, at this 
moment, to be in Britain, about £450,000,000 or £600,000,000, 
instead of £50,000,000 or £60,000,000, which is the actual amount I 
Nor is this all. If the tJieory of the balance be good for anything ; 
if it be not a mere idle delusion, it follows, as every country in me 
world, with the single exception of the United States, has its fevor- 
able balance, that &ej must be paid by an annual importation of 
bullion from the mines, corresponding to their aggregate amount 
But it is a well-known feet that the amount d specie in a country 
varies very httle from year to year : and it is certain that the entire 
produce of the mines, though it were increased in a tenfold propor- 
tion, would be insufficient for this purpose ! This redtictio ad ab- 
mirdum is, therefore, decisive of the degree of credit that ought to 
be attached to the conclusions respecting the flourishing state of the 
oommerce of any country, drawn from the excess o? the exports 
over the imp<»rto. 
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Not only, therefore, is the common tlieory with respect to the bal- 
ance of trade erroneous, but the very reverse of that theory ia tme. 
In the first phux?, the value of the commodities imported by every 
country, wliicn carries on an advantafj^ooa^ commerce, (and no other 
will be prosecuted for any considerable period,) invariably exceeds 
the value of those which she exports. Unless such were the case, 
there would plainly be no fund, wlience the merchants and others en- 
gaged in foreign trade could derive either a profit on their capital, or a 
return for their outlay and trouble ; and in the second place, whether the 
balance of debts be for or against a country, that balance will neither 
be paid nor received in bullion, unless it be, at the time, the commod- 
ity, by the exportation or importation of which, the account may 
be most profitably settled. Whatever the partisans of the doctrine 
as to the balance may say about money bemg a preferable product, 
it is certain it will never appear in the hst of exports and imports, 
while there is anytliing else with which to carry on trade, or cancel 
debts, that will 3dcld a larger profit, or occasion less expense to the 
debtors. 

It is difficult to estimate the mischief which the absurd notions 
relative to the balance of trade have occasioned in every commercial 
country. But in America, they have been particularly injurious. It 
18 chiefly to the prevalence of prejudices to which they have given 
rise, that the restrictions on the trade between America and Europe 
are to be ascribed. The great, or rather, the only ailment insisted 
upon, by those who prevailed on the British legislature, in the reign 
of Wilfiam and Mary, to declare the trade with France a nuisance, 
was founded on the statement that the value of the imports from 
that kingdom, considerably exceeded the value of the commodities 
exported to it. The balance was regarded as a tribute paid by 
England to France ; and it was sagaciously asked, what had they 
done, that they should bo obliged to pay so much money? It 
never occurred to those who so loudly abused the French trade, that 
no merchant would import any commodity from France, unless it 
brought a higher price in England than the commodity exported to 
pay for it, and that the profit of the merchant, or the national gain, 
would be in exact proportion to this excess of price. The very rea- 
son assigned for prohibiting the trade, affords the best attainable 
proof that it was a lucrative one. 

There are some circumstances which have had an influence in de- 
termining the relation of exports to imports in the United States, 
and which are in a great measure pecuHar to this country. These, 
it may not be uninteresting briefly to mention. Our readers will bear 
in mind, that we use the terms exports and imports in their ordinary 
And mercantile aoceptanc^ indwd^^ «!^ ^b^T\& <^ commodities^ 
specie only being excepted. \ft\..'^\v^^^'ft«»^^t^s»^w«^^^5«8BL^i5^^ 
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at the expoitmg port, the importB, until the Sd day of March, 1833, 
were valued by adding 20 per cent to the actual cost, if imported 
from the Cape of Good Hope, or from any other place or country, 
including all charges, conmiissions, outside packages and insurance 
alone excepted. 2d. The profits of capital being higher in the 
United States than in most other oountries of the commercial world, 
it follows that capital must be continually flowing into them from 
abroad, thus swellmg the imports beyond the amount they otherwise 
attain. For much of the money borrowed abroad, is laid out on 
imported goods ; and if money could not be borrowed so freely, the 
amount of imported goods would necessarily be less. 3d. The owner 
of the capital imported into the country does not, in many cases, 
come with his property, but continues to reside where he did. A 
certain amount of profits, or interest, on the foreign capital employed 
in the United States, is consequently remitted every year to odier 
oountries. And as this is partly in goods, it is obvious that our ex- 
ports will, on this account, be rendered more considerable in comr 
parison to our imports. 4th. The rapid advance of the country in 
population and wealth, since its separation from Great Britain and 
the adoption of the present constitution, has required a supply of 
the precious metals, for the most part from abroad, much greater 
than was sufficient to replace the consumption of those metab, either 
as coin or in the arts. Money was, therefore, to a certain extent, on 
this aoconnt, imported into the United States, in exchange for our 
exports, instead of those commodities which are ordinarily designated 
by the term imports. 5th. The substitution, in a degree continually 
greater and greater, of paper money for a gold and silver currency, 
which has been taking place during the same period, must of course 
have diminished the elQfect just stated. 

If we now put these different circumstances together, two of them 
operating in one direction, and the other three in the opposite ; and 
if we compare them also with those which are not peculiar to the 
United States, but belong equally to every country, there will be no 
cause for surprise, why the general law of the excess of imports 
over exports, should almost always have held good among ourselves. 



§ n. — Origin of Commerce akd Mercantile Classes. 

The origin of commerce* is coeval with the first dawn of civilizar 
tion. As soon as individuals ceased to supply themselves directly 

* This word is derived from com-mutatio merc-ium ; and means properly 
what the term literally imports — an exchange of commodities. It is in this 
tense we employ it in the present section. In a narrower signiftcation, it means 
airihanging eommodities with forejgners. 



876 jurrnROPOLOor. 

inth the goods they listed, a c(»iimeicial intefcoime must have hegtm 
to irrow up amonofst them. For it is only by exchanging that ^ 
tion of tlio pnKluco, raised by ourselves, that exceeds our own con- 
sumption, for |>ortions of the surplus produce raised by others, that 
the dinsion of employments can be introduced, or that different in- 
di\iduals can apply themselves to different pursuits. 

Not only, however, does commerce enable the inhalHtants o( tlie 
same vilbigo or parish, to combine their separate efforts to aooom- 
pllsh some common object, but it also enables those vf diS&Kmi 
provinces and kingdoms to apply themselves, in a special manimer, 
to those callings, tor the successful prosecution of whidi the distrid 
or country which they occupy gives them some peculiar advantage; 
The territorial division of labor has contributed more, perhaps, 
than an3rthing else to increase the wealth and accelerate the civiliza- 
tion of mankind. Were it not for it, we should be destitute of a 
vast number of the comforts and enjoyments which we now possess ; 
while the price of the few that would remain would, in most in- 
stances, be very greatly increased. But whatever advants^es may 
be derived, (and it is hardly possible to exaggerate, either their mag- 
nitude or their importance,) firom availii^ ourselves of the peculiar 
capacities of production enjoyed by others, are wholly to be ascribed 
to commerce, as their real source and origin. 

While the exchange of difterent products is carried on by the pro- 
duc<?rs themselves, they must unavoidably lose a great dead <^ time, 
and experiimce many inconveniences. Were there no merchants, a 
former, wishing to sell his crop, would be obliged in the first place to 
seek for customers, and to dispose of his corn as nearly as possible 
hi such quantities as might suit the demands of the various individ- 
uals inclined to buy it ; and, after getting its price, he would next be 
obliged to send to ten or twenty places, and these perhaps remote, 
for the commodities he wanted in its stead ; so that, besides being 
exposed to an immense deal of trouble and inconvenienee, his atten- 
tion would continually be diverted from the labors of his form. 
Under such a state of things, the work of production, in every differ- 
ent employment, would be meeting with perpetual interruptions ; and 
many branches of industry, that are carried on in a commercial 
country, would not be undei-taken. The establishment of a distinct 
mercantile class, effectually obviates these difficulties. When a set 
of dealers erect warehouses and shops, for the purchase and sale of 
all descriptions of commodities, every producer, relieved from the 
necessity of seeking customers, and knowing beforehand where he 
may at all times be supplied with such products as he requires, de- 
▼otes his whole time and energies to his prc^r business. The inter- 
Tention of merchants gives a continuous and uninterrupted motion 
to the plough and the loom. Were the class of traders annihilated, 
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all the springs of industry would be paralyzed. The numberless 
difficulties that would then occur in effecting exchanges, would lead 
each particular family to endeavor to produce all the articles they 
had occasion for ; the divisions of labor would be relinquished ; and 
the desire to rise in the world, and improve our condition, would de- 
cline, according as it became more difficult to gratify it. What sort 
of agricultural management could be expected of fEurmers who had 
to manufEusture their own wool, tan their own hides, make their own 
clothes, paper, writing materials, books, shoes, <&;c., and who were 
every now and then obliged to leave the pldtigh for the shuttle — and 
the harrow for the anvil, and the plane ? 

A society, without that distinction of employments and professions 
resulting from the division of labor, that is, wiUiout commerce, would 
be totally destitute of any arts or sciences worthy of the name. It 
is by the assistance that each individual renders to, and receives fix>m 
his neighbors, by every one applying himself through preference, to 
some particular task, and combining, though probably without intend- 
ing it, his efforts with those of others, that civilized man becomes 
equal to the most gigantic labors, and effects what at first sight ap- 
pears beyond his power. 

The mercantile class has generally been divided into two subordi- 
nate dasses, viz. : wholesale dealers, and retail dealers. The former 
purchase large quantities of the various products of art and industry 
in the places where they are produced, or are least valuable, and 
therefore cheapest, and carry them to those places where they are 
most valuable, or more in demand ; and the retail dealers, having 
purchased the commodities in smaller quantities of the wholesale 
dealers, or of the producers, collect them in shops, and sell them in such 
quantities, and at such times, as may best suit the public demand. 

These classes of dealers are alike useful ; and the separation that 
has been effected between their employments, is one of the most ad- 
vantageous divisions of labor. The operations of the wholesale mer- 
chant are analogous to those of the miner ; neither one nor the other 
makes any change on the articles which he carries from place to 
place. All the difference is, that the miner carries them from below 
the ground, to the sur^kce of the earth ; while the merchant carries 
them from one place to another on the sur&ce of the earth. Hence 
it follows, that the value given to commodities by the operations of 
tiie wholesale merchant, may often exceed that given to them by 
the producers. The labor and expense required to dig a quantity 
of coal from the mine, does not equal that required for its convey- 
ance from Carbondale to St. Louis ; and it is a far more difficult and 
costly affair to bring a piece of timber from Aroostook to New York, 
than to cut down the tree. In this respect, there is no di^Eerence 
b^ween commerce, and agriculturei and maaufactusoft* TV^!^\sfe&^«3t 
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render materials tnefbl, by bestowmg on them sodi a shajpe as nn^ 
best fit them for ministering to our wants and comforts ; and the 
fermer gives additional utihty to the products of the agriciiltariBt 
and manufacturer, by bringing them from wheie they are of com- 
paratively little use, or are in excess, to where they are of compara- 
tively great use, or are deficient 

If the wholesale merchant were himself to retail the goods he 
has brought from different places, he would lequire a proportional 
mcrease of capital, and it would be impossible hr him to give thai 
exclusive attention to any department of his business whidi is in- 
dispensable to its being carried on in the best manner. It is for the 
interest of each dealer, as of each workman, to confine himself to 
some one business. By this means, each trade is better understood 
and cultivated, and carried on in the cheapest manner possible. 
But whether carried on by a separate dass of individual or not^ it 
IS obvious that the retaihng of commodities is indispensable. It is 
not enough that a cargo of tea should be imported from China, or 
a cargo of susar from Cuba : most individuals have some demand 
for these articTes ; but there is not perhaps a single private pers(» 
throughout the United States requiring so large a supply of them 
lor his own consumption. It is dear, uierefore, that Uiey must be 
retailed, that is, sold in such quantities, and at such timies, as may 
be most suitable for all classes of custonoers, or consumers. And, 
since it is admitted on every side that this necessary business ynJl be 
best conducted by a class of. traders distinct from the wholesale 
dealers, it is impossible to doubt that their employment is equally 
conducive with that of others to the public interest, or that it tends 
equally to augment national wealth and comfort 



§ m— HoMK Tradb. 

The commercial intercourse between the subjects of the same 
ffovemment is termed the home trade^ (x more simply trade^ which 
IS distinguished from f(yreign trade, or commerce, in the narrower 
sense. The observations already made serve to show the influence 
of the home trade, in allowing individuals to confine their attention 
to some one employment, and to prosecute it without interruption. 
But it is not in this respect only that the establishment of the home 
trade is advantageous. It is so in a still greater degree, by allowing 
the inhabitants of the different districts of a country to turn their 
labor into those channels in which it will be most productive. The 
different minerals, soils, and climates of different districts, fit them for 
being appropriated in preference to certain species of industry. A 
district, where coal is abundanti which haa an easy aeoeaa to the 
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ocean, and a considerable command of internal navigation, is 
naturally suited for manufiEustures : wheat and other species of grain 
are the natural products of rich, arable soils ; and cattle, after being 
reared in mountainous districts, are most advantageously ^ttened in 
meadows and low grounds. Hence, it follows, that the inhabitants 
of different districts, by confining themselves to those branches of 
industry, for the successful prosecution of which they have some 
pecuUar capabiHty, and exchanging their surplus produce for that of 
others, will obtain an incomparably larger supply of all sorts of use- 
ful and desirable products than they could do were they to apply 
themselves indiscriminately to every different business. 

The territorial division of labor is, if possible, even more advanta- 
geous than its division among indiNdduals. A person may be what 
is called Jack of all trades ; and, though he may not be well skilled 
in any, he may make some common efforts in thom all. But it is 
not possible to apply the same minerals, and the same soil to every 
different purpose. Hence it is that the inhabitants of the richest 
and most extensive country, provided it were divided into small dis- 
tricts without any intercourse with each other, or with foreigners, 
oonld not, however well labor might be dinded among themselves, 
be otherwise than poor and miserable. Some of them might have 
a superabundance of com, at the same time that they were wholly 
destitute of coal and iron, while othei-s might have the largest sup- 
plies of the latter articles with very little grain. But in commeroal 
countries, no such anomalies caji;^ exist. Abundance and comfort 
may there be universally diffused. The labors of the mercantile 
classes enable the inhabitants of each district to apply themselves 
chiefly to those employments which are naturally best suited to 
them. This superadding of the division of labor, among different 
provinces, to its division among different individuals, renders the 
productive powers of industry immeasurably greater, and augments 
the mass of necessaries, conveniences, and enjoyments, in a degree that 
could not previously have been conceived possible, and which cannot 
be exceeded, except by the introduction of foreign trade, or commerce. 
** With the benefits of commerce," says an eloquent and philosophi- 
cal writer, " or a ready exchange of commodities, every individual 
is enabled to avail himself to the utmost of the peculiar advantages 
of his place ; — ^to work on the peculiar materials with which nature 
has furnished him ; — to humor his genius or disposition, and betake 
himself to the task in which he is peculiarly qualified to succeed. 
The inhabitant of the mountain may betake himself to the culture 
of his woods and manufacture of his timber ; the owner of pastures 
may devote himself to the care of his herds ; the owner of the 
day-pit to the manufecture of his pottery ; and the husbandman to 
the culture of his fields, or the rearing of his cattle. And any one 
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commodity, however it may form but a small part in the aocommo' 
dations of human life, may, under the Polities of commeroe, find a 
market in which it may be exchanged for what will procure any 
other part or the whole ; so that the owner of the cla^-pit> at the 
industrious potter, without producing any one article unmediatdy 
fit to supply his own necessities, may obtain possession of all he 
wants. And conmierce, in which it appears that conmiodities aie 
merely exchanged, and nothing produced, is, nevertheless, in its 
efforts, very productive, because it ministers a &cility and encour- 
agement to every artist, in multiplying the productions of his art; 
thus adding greatly to the mass of wealth in the world, and hmg 
the occasion that much is produced." See Ferguson's Principle* of 
Moral Science. 

The roads and canals that intersect a country, and open an easy 
communication between its remotest extremities, render the greatest 
service to internal trade, and to agriculture and manuflEUstares. 
A diminution of the expense of carriage has, in tsOst, the same effect 
as a diminution of the direct cost of production. If the coals 
brought into a city sell at $6 00 per ton, of which the caniage 
amounts to hal^ it is plain, that in the event of an improved com- 
munication, (such as a more direct or level road, a railway or a 
canal being opened,) for the conveyance of the coals, and th^t they 
can, by this means, be imported for half the previous expense, their 
price will immediately fell to $4 50 a ton, — -just as it would have 
done, had the expense of extracting them from the mine been re- 
duced to half. 

Employments are more and more dinded, (or rather subdivided,) 
more powerful machinery is introduced, and the productive powers of 
labor are increased, according as larger masses of the population con- 
gregate together. In a great town, the same number of hands will 
perform much more work than in a small AiUage, where each individ- 
ual has to perform several operations, and where the scale of employ- 
ment is not suflBciently large to admit of the introduction of extensive 
and complicated machinery. But many of the great towns could not 
exist without our improved means of communication. These, how- 
ever, enable their inuabitants to supply themselves with the bulky 
products of the soil, and of the mines, as cheap, or nearly so, as $ 
they lived in the country villages ; securing to Uiem all the advan- 
tages of concentration, with but few of its inconveniences. 

Roads and canals are thus productive of a double benefit ; for, 
while, by affording comparatively cheap raw materials to the manu- 
fecturers, they give them the means of perfecting the divisions of 
labor, and of supplying proportionably cheap manufectured goods, 
the latter are conveyed by their means, and at an extremely small 
expense, to the remotest part of the country. The direct advaii* 
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lageB they confer on agriculture are not lesft important Without 
them, it would not be possible to carry to a distance sufficient sup- 
plies of lime, marl, shells, and other bulky and heavy articles neces- 
sary to give luziiriance to the crops of rich soils, and to render those 
that are poor productive. Good roads and canals, therefore, by 
famishing the agriculturists with cheap, abimdant supplies of manure, 
reduce, at one and the same time, the cost of producing the neces- 
saries of life, and the cost of bringing them to market. 

In other respects, the advantages resulting from improved com- 
municaticais are probably even more striking. They give the same 
oonmion interest to every different part of the most widely extended 
empire ; and put down, or rather prevent, any attempt at monopoly 
on the part of the dealers of particular districts, by bringing them 
into competition with those of all the others. Nothing in a state 
enjoying great facilities of communication is separate and uncon- 
nected. All is mutual, reciprocal, and dependent. Every man 
naturally gets into the precise situation that he is best fitted to fill ; 
and each co-operating with every one else, contributes to the utmost 
of his power to extend the limits of production and civilization. 

Such being the nature and vast extent of the advantages derived 
from trade, it is obviously the duty of legislatures to give it every 
proper encouragement and protection. The error of governments 
m matters of trade has not been in doing too little, but that they 
have done too much. The encouragement which has been afforded 
to the producers of certain species of articles in preference to others, 
has uniformly been productive of disadvantage. The encourage- 
ment which a prudent and enlightened government bestows on in- 
dustry will equally be directed to remove everything that fetters 
the freedom of trade, or impedes the power of individuals to en- 
gage in different employments. All regulations, whatever be their 
object, that operate either to prevent the circulation of commodities 
from one part of a country to another, or the free circulation of 
labor, necessarily check the division of employments, and the sprit 
of competition and emulation, and must, in consequence, lessen the 
amoimt of produce. The same principle that prompts to open 
roads, to construct bridges and caiuds, ought to lead every people to 
erase from the statute book every regulation which either prevents 
or fetters the operations of the merchant, and the free disposal of 
capital or labor. Whether the freedom of internal trade and industry 
be interrupted by impassable moimtains and swamps, or by oppres- 
flive tolls or restrictive regulations, the effect is equally pernicious. 

The common law and ancient statutes of England, were decidedly 
hostile to monopolies, or to the granting of powers to any particular 
^ass of individuals to furnish the market with commodities. Lord 
Coke distinctly states, that all monopolies concerning trade and traffic^ 
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are agiainst the liberty and freedom granted hy the gre^t Aar^, 
and subsequent enactments. Few things occasioned more discontent 
in England, in the tinic of tbo Tndors, than t^ multiplication of 
monopolies ; and notwithstanding the opposition made by the crown 
and the court party, in the reign of James L^ the grieranoe became 
80 intolerable as to give rise to the &mofis statute of 1624, by whidi 
all monopolies^ grants, letters patent, and licenses for the sole 
piirchasing, selling, and making of goods, and mann&ctures, not 
giyen by tibe act of the legLslatnre, are declared to be ^ altogether 
eontrarj to the laws of the kingdom, void, and of none eflfect" This 
statute was productive of the greatest advantage, and perhi^ eon- 
tributed more than any otlier to the developtnent of indnstiy, and 
the accumulation of wealth. With the exception of the monopoly 
of printing Bibles, and the restraints imposed hy the charters of 
bodies legally incorporated, the freedom of internal industry has 
ever since been vigilantly protected ; and the Bible monopoly is now 
abdished, and the exclusive rights of corporations generally curt£nled« 
The same remarks apply to this country : the evils of restriction 
on trade were so keenly felt under the confederation that the state 
l^blatures are prohibited by the constitution from layii^ any re- 
striction on it by means of imposts or duties ; and it may be said, 
that with the exception of patented and corporate rights, no restrio- 
tioD on the freedom of trade exists throughout the United States. 



§ IV. — CoMitfERCE, OR Foreign Trade:. 

What the home trade is to all the different provinces of the same 
country, foreign trade is to all the different countries of the world. 
Particular countries only produce particular commodities, and were 
it not for foreign commerce, they would be entirely destitute of all 
but such as are indigenous to their own soil. It is difficult for those 
who have not reflected on the subject, to imagine what a vast deduc- 
tion would be made, not only from the comforts, but from the necessa- 
ries of every commercial people, were its intercourse with strangers to 
cease. It is not, perhaps, too much to say, that in the United States wo 
owe to our intercourse >vith other countries one half or more of what we 
enjoy. We are not only indebted to commerce for supplies of linen, 
woollen, and silk goods, hardwares, the usefril metals, tea, coffee, sugar, 
the precious metixLs, etc., but for our domestic animals, and roost of the 
fruits and vegetables which we now cultivate, neither of which are 
indigenous to this country. Commerce both supplies us with an 
immense variety of most important articles, of which we must have 
otherwise been wholly ignorant, and it enables us to employ our in- 
dustry in the mode in which it is sure to be most produetiTe, and 
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reduces the price of almost every article. We do not waste our ener- 
gies in nunng beet-root for sugar, or in cultivating mulberry trees 
for silk, but we employ them in those departments of industiy in 
which our circumstances enable us to produce goods more abundantly 
and cheaper than we can procure them from abroad ; and we obtain 
the articles produced by foreigners more cheaply, in exchange for our 
surplus productions. We can thus avail ourselves of all the peculiar 
advantages and £suMilties of production, given by Providence to dif- 
ferent countries. Thus we receive sugar from the West Indies, and 
send flour and salt meat in exchange ; and from Britain we receive 
manufiK^tored goods, and send cotton, grain, and lumber in return. 
It is impossible to point out a single country which is abundantly 
supplied with every commodity which its comforts or necessities re- 
quire. Providence, by giving to each particular nation something 
which the others want, has evidently intended that they should be 
mutually dependent upon one another, and cultivate an amicable 
and friendly intercourse. It is not difficult to see, therefore, that 
those must be the richest and most abundantly supplied with every 
sort of usefril and desirable accommodation, who cultivate the arte 
of peace with the greatest success, and deal with all the world on 
&ir and Uberal principles. 

The commerce of one country with another is, to use the words 
of an able and profound writer, " merely an extension of that divis- 
ion of labor, by which so many benefits are conferred upon the 
human race.** A country is rendered richer by its trade with 
another ; its labor becomes infinitely more divided and more pro- 
ductive than it otherwise could have been. By a mutual exchange 
of all the accommodations which one country has, and another wants, 
the accommodations of both are multiplied ; and they become more 
opulent and happy. 

By this species of mutual intercourse, the various regions of the 
world are enabled to sort and distribute their labor, as most peculiarly 
suits the genius of each particular spot. The labor of the human 
race thus becomes much more productive, and every species of ac- 
commodation is afforded in much greater abundance. The same 
number of laborers, whose labors might have been expended in pro- 
ducing a very insignificant quantity of home-made productions, may 
thus produce a quantity of articles for exportation, accommodated to 
the wants of other places, and produced by it with peculiar fecility. 
Thus the same amount of labor produces much more than if every 
country attempted to supply all its own wants. 

What has been just stated is sufficient to expose the Mlacy of the 
opinion that has sometimes been maintained, that whatever one na- 
tion may gain by her foreign commerce, must bo lost by some one 
else. 
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Commeroe is not directly productiye, nor is thie good derived frrai 
it to be eBtimated by its immediate effects. What oommerdsl ns- 
tions give, is uniformly the fair equivalent of what tliey get In 
their dealings, they do not prey upon each other, but are l^efited 
alike. The advantage of commerce consists in its enabling labor to 
be divided, and giN'ing each nation the power of supplying them- 
selves with the various articles for which they have a demand, at the 
lowest price required for their production, in those countries and 
places where they are raised with the greatest fiicihty. The benefits 
resulting from an intercourse of this kind, are plainly mutual and 
reciprocal Commeroe gives no advantage to any one nalicHi over 
another; but it increases the wealth and enjoyments of all, in a 
d^^ee that could not have previously been conceived possible. 

The influence of foreign commerce, in multipljdng and che^)ening 
conveniences and enjoyments, vast as it certainly is, does not equal 
the direct influence it exerts on industry, by adding immeasurably to 
the mass of desirable articles, by inspiring new tastes, and stimula- 
ting industry and invention by bringing each nation into competition 
with foreigners, and making them acquainted with their arts and 
institutions. The apathy and languor that exist in a rude state of 
society, have been universally remarked. But these unifomaJy give 
place to activity and enterprise, according as man is rendered familiar 
with new objects, and inspired with a desire to obtain them. An 
individual might, with considerable exertion, famish himself with an 
abundant supply of the commodities essential to his subsistence ; and, 
if he had no desire to obtain others, or if tliat desire, however strong, 
could not be gratified, it would be folly to suppose that he should 
be laborious, inventive, or entci-prisiiig. But, when once excited, the 
desires and wants of mankind become altogether illimitable ; and to 
excite them, no more is necessary than to bring new products, and 
new modes of enjoyment, ^\'ithin his reach. Now the sure way to 
do this, is to give every facility to the most extensive intercourse with 
foreigners. Ilie markets of a commercial nation, being filled with 
the various commodities of every country and every climate, the 
motives and gratifications which stimulate and reward the efforts of 
the industrious, are proportionally augmented. The husbandman 
and manufacturer exert themselves to increase their supplies of raw 
and manufactured produce, that they may exchange the surplus for 
the products imported from abroad. The merchant, finding a ready 
demand for such products, is pronjpted to impwt a great variety, to 
find out cheaper markets, and tluis, constantly to afford new incen- 
tives to the enterprise and industry of his customers. The whole 
powers of the mind and body are thus cidled into action, and the 
passion for foreign commodities becomes one of the most efficient 
causes of wealth and dvilizatiou. 
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Not only, however, does foreign oommeroe excite industry, distills 
nte the gifts of nature, and enable them to be turned to the best 
account, but it also distributes the gifts of science, and of art, and 
gives to each particular country the means of profiting by the inven- 
tions and discoveries of others, as much as by those of her own dti* 
sens. The ingenious machine, invented by Mr. Whitney, of the 
United States, for separating cotton wool from the pod, by reducing 
the cost of the raw material of one of the principal English manu- 
^tures, has been quite as advantageous to the English as to the 
Americans. The inventions and discoveries of Arkwright, Watt, 
and Wedgewood, by reducing the cost of articles sent abroad by 
Great Britain, have been as advantageous to foreign customers as to 
the English. Commerce has caused the blessings of civilization to 
be universally diffused, and the treasures of knowledge and science 
to be convoyed to the remotest comers. Its humanizing influence is, 
in this respect, most important ; while, by making each country de- 
pend for the means of suppl3ring a largo portion of its wants, on the 
assistance of others, it has done more than anything else, to remove 
a host of the most baleful prejudices, and to make mankind regard 
each other as friends and brothers, and not as enemies. The dread, 
once so prevalent, of the progress of other nations, in wealth and 
civilization, is now universally admitted, by all intelligent persons^ 
to be as absurd as it is illibci*al. While every nation ought always 
to be prepared to resist and avenge any attack upon their independ- 
ence, or their honor, it is not to be doubted that their real prosperity 
will be best secured, by their endeavoring to live in peace. A com- 
mercial war, whether crowned with victory, or branded with defeat^ 
can never prevent another nation from becoming more industrious 
than we are ; and, if they are more industrious, they will sell cheap- 
er, and, consequently, our customers will forsake us, and go to them. 
This will happen, though we covered the ocean with our fleets, and 
the land with our armies. The soldier may lay waste, and the pri- 
vateer make poor, but the eternal law of Providence will be frdfilled. 
The diligent alone can make rich. 

Another advantage of industry and of refinements in the mechanical 
arts, is, that they produce refinements in the liberal arts ; nor, can 
the one be carried to perfection, without being accompanied in some 
degree by the other. The same age which produces great philoso- 
phers and politicians, renowned generals and poets, usually abounds 
with skilful artificers. The spirit of the age affects all the arts ; and 
the minds of men, being once roused from their lethargy and put 
into activity, turn themselves on all sides, and carry improvements 
into every art and science. Profound ignorance is totally banished : 
and men enjoy the privilege of rational creatures, to think as well as 
to act, to cultivate the pleasures oi the mind, as well as those of the 

\n 
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body. The more these refined arts advance, the more sociable men 
become ; nor is it possible, when men are enriched with sdence, and 
possessed of a fund of conversation, they should be content to re- 
main in solitude, or live with their fellow-citizens in that distant 
manner, which is common among ignorant and barbarous nations. 
Both sexes meet in an easy and sociable manner, and the tempera 
of men, as well as their behavior, refine apace. So that, besides the 
improvements they receive from knowlec^e and the hberal arts, it 
is impossible but they must feel an increase of humanity from the 
habit of conversing together, and contributing to each other's enter- 
tainment. Thus industry, knowledge, and humanity, are linked to- 
gether by an indissoluble chain. Most commercial treatises, and 
most books on political economy, contain lengthened statements as 
to the comparative advantages derived from the home and foreign 
trade. But these statements are mostly founded on erroneous prin- 
ciples. The quantity and value of the commodities which the in- 
habitants of an extensive country exchange with each other, is far 
greater than the quantity and value of those they exchange with 
foreigners. Commerce, it must be remembered, is not a direct, but 
an indirect source of wealth. The mere exchange of commodities 
adds nothing to the riches of society. The influence of commerce 
on wealth consists in its allowing employments to be separated, and 
prosecuted without interruption ; in other words, in the division of 
labor, and the order, perfection, and abundance, or rather supera- 
bundance, arising out of the separate exercise of each branch of 
industry, and calling for an exchange of surplus production for for- 
eign cominoclities. Commerce gives the means of pushing the divi- 
sion of labor to the fullest extent, and supplies mankind with an 
infinitely greater quantity of necessaries, and accommodations of all 
sorts, than could have been produced, had individuals and nations 
been forced to depend upon their own comparatively feeble efforts, 
for the supply of their wants. And hence, in estimating the com- 
parative advantageousness of home and foreign trades, the real 
questions to be decided are, which of them contributes most to the 
division of labor ? and which of them gives the greatest stimulus to 
inventions and industry ? These questions do not admit of a very 
satisfactory answer. The truth is, that both home trade, and foreign 
trade, are mo-^t prolific sources of wealth. Without the former, no 
division of labor could be established ; and man would forever re- 
main in a barbarous state. Hence, perhaps, we may say that home 
trade is the most indispensable, but the length to which it could 
carry any particular country, in the career of civilization, would be 
limited indtH?d. Hud Gr.'at Britain, for example, been cut off fi*om 
all intercourse with foreigners, there is no reason to think that she 
would at this day have been advaaced beyond the point to which 
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her inhabitants had attained during the heptarchy. It is to the 
products and the arts derived from others ; and to the emulation 
inspired by their competition and example, that she is mainly in- 
debted for the entraordinary progress she has made, and the station 
she now occupies. 



§ V. — ^Taxation, 

Taxation denotes that part of their property which the govern- 
ment of a state exacts for the supply of the public necessities, from 
its subjects or other persons residing in the country, and partaking 
of its advantages. Hence they form a part of the public revenues. 
Another part is formed by the proceeds of public property, either 
rent or selling price. 

In most states, particularly in those of the middle ages, public 
expenditures were supplied from the revenues of domains. As the 
expenses of the state continually increased, or the rulers, from bad 
economy, found the above-mentioned sources of revenue insufficient, 
they began to demand contributions from the members of the com- 
mnnily, and imposed upon them taxes or imposts. They usually, 
however, met with great difficulties, since the nobles would not suffer 
themselves to be taxed, under pretext of forming a state within 
themselves, and maintained that such contributions could be raised 
only with their consent. What could be obtained from them by 
contribution was very little. They acknowledged the necessity of 
increasing the revenue of the state, but the sovereigns were afraid 
to constrain them to contribute, and inclined to grant them exemp- 
tion from taxes, if they would only consent that the rest of the nation, 
which did not belong to their privileged order, should be subject to 
imposts. The nobles, fearing that if no other source of revenue 
were left open to the sovereign, the burden of taxes would fall upon 
themselves, willingly allowed the sovereign the right of taxing the 
nation, which, from want of union and power, was obliged to yield. 
Thus, the taxes, for a long time, were laid almost everywhere on the 
commons only, the higher and most powerful orders, the clergy and 
nobility, being exempt. 

Enlightened governments, however, early perceived that in order 
to render taxes a permanent source of revenue, means must be left 
to the subjects of gaining every year so much as to be able to sub- 
sist, and to have a sufficient sum left to pay the taxes. Hence, they 
were induced to refrain from exhausting their property. But a long 
lime elapsed before the principles of equitable taxation were well 
luderstood. It was not till a late period, when government became 
an ofcgeet of profound reflection, and a m,oce ^tCe^ «^\ftxcL v:^ ^^k^c^ 



988 ANTB&OPOLOOT. 

cal economy aroBe, that a theory of taxation was fi^rmed whkji 
oould be 118^ as a solid basis of revenue. According to this tkeoiy, 
taxes are portions of the property of individuals, whidi each has to 
contribute to the public treasury, to defray the public expenses. 
From this defiuition, it follows, 1st. That no one should be exempted 
from taxes who possesses property or income, and is protected in his 
person and estate, and tliat, in consequence, absolute freedom from 
taxes in any individual so situated, is unjust towards those memben 
of the community who are charged with them. 2d. That the taxes 
ought to be assessed according to the net income oi each individual 
8d. That the taxes must never be suffered to injure the sources of 
income. 4th. That the ratio of taxes to income, ought to be as 
small as possible, in order that the revenue of the nation, as well as 
of the individual, may be allowed to increase. The greatest diffi- 
culty in eff(?cting a just distribution of taxes, is to find the clear in- 
come of every iudiWdual. In the modes of taxation anciently prac* 
tised, this difficulty was but little considered. Financiers were satisfied 
with laying taxes where they observed property, or income, without 
caring much whether they were taken from the gross or net income, 
from the capital or from the interest and profits. The rudest mode 
was to assess the taxes according to the number of heads. On the 
supposition that every one received enough to pay something, they 
demanded from every head such a sum as it was supposed even the 
poorest could afford ; the rich and the poor paid the same amount ; 
and, therefore, the greatest inequality prevailed. Real property was 
early taken as a standard in distributing the taxes, as cultivated 
land, in civilized countries, appeared to bo the safest and most sub- 
stantial property. As this aflforded to its proprietors or cultivators a 
certain income, the annual produce of the land was estimated, and 
taxed accordingly. Thus arose the land tax, in which, however, the 
gross and net produce of the lands were seldom accurately distin- 
guished ; and where it was done, little dependence was to be placed 
upon the estimate itself, and still less on the maintenance of this 
principle through the changes of income. As the land tax was in- 
sufficient to furnish the necessary revenue, other means were sought 
for, and the closest attention was paid to all those quarters where 
money appeared. Wherever money chanorod hands, as in sales, ex- 
changes, or inheritances, ttixes were laid. Whoever desired to obtain 
any favor from the public officers, was obliged to purchase it with 
money. When property was acquired, something must be relin- 
quished. Hence, the long series of taxes on acquisition and indus- 
try. As the income of the membei-s of the community did not 
yield so much as the state required, the attention of governments 
was directed to exi)enditure.s ; and people were made to pay wherever 
their expenses oould be estimated. Thus, taxes on consumption of 
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every description were eetablished. When taxes began to be treated 
Bcientifieally, which was not till a long time after the different kinds 
had been invented and introduced, attempts were made to bring the 
whole mass of the existing taxes under a general system. 

In order to judge whether taxes are rightly distributed, it must 
first be considered whether or not they can be paid regularly and 
continually from the net income. There may be a possession which 
brings no gain at all, as a library, a collection of pictures, etc If 
an annual tax is hud upon su<ui property, it would sooner or later 
consume the property, if it were to be paid from it, and consequently 
contradict the principles above kdd down, that property should be 
taxed only so &r as it affords a r^ular income. 

In like manner, acquisitions can rightly be taxed only when they 
are a permanent source of gain. I^ therefore, any one acquires an 
estate or capital, by purchase, exchange, etc., and taxes are laid upon 
such an acquisition, the tax is taken from the capital, that is, from 
the means destined to produce profit As frur as this happens, or is 
in danger of happening, the system ai taxation is defective. !£, in 
fine, a tax is laid on enjoyment, or the value of things enjoyed, this 
can be justified only so frur as he who purchases, or enjoys such 
things, can afford the expense fix>m an income which frimishes, or 
ought to fiimish, more ^an enough for his subsistence, and the 
source of which is not necessarily diminished by the tax. K we 
seek, therefore, for the principle of the distribution of taxes which 
ought to serve, at the same time, as a rule for judging of the proprir 
ety of the distribution, this can be no other than the net income of 
the persons, or the net produce of the property, when duly cultivated 
or improved. If one leaves unproductive, property which could well 
be rendered productive, his indolence, pnde, or negligence should 
not of course except him from taxation. 

Net income, or net profit, is that part of income, or profit, which 
remains after the portion necessaiy for the maintenance of the perscHi, 
or the continuance of the property which produced the income or 
the profit, has been subtracted. Income and profit are produced 
either from land, from capital, or from labor. All taxes will be just 
and useful, only so far as they are a part of the net produce from 
these sources, and are imposed and distributed upon this principle. 
But, as it is difficult, and, in some cases, impossible in practice, to 
ascertain the net revenue of every one, the poHtician must take differ- 
ent ways to find out the just proportion. The first way is direct^ viz. : 
to determine from the statement of the parties concerned, or firom 
official estimation, the net income of the persons, or the net produce 
of the land, and to assess the taxes according to the result This 
kind of taxes is called direct But as they leave a lai^ portion of 
net incomes doubtful, their amoont is aoug^ for indirectly. It is 
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tuppoeed, that he who reoeives more than the amotint at which hb 
has rated his income, will consume and enjoy more than this sum 
will warrant ; and, in particular, that he will enjoy oextain articke, 
which the man of smaller income consumes not at all, or in smaHa 
measure. I^ then, the expense for articles of consumption is taxed, 
an additional sum can be generally dra^-n from all those who pay 
already a direct tax on income, not sufficient to cover the ezpenset 
of the state. This sum they can pay from their direct income, if 
their sfbdn are well arranged. In this way something more is ob- 
tained from the net income of those who have concealed a part, and 
would otherwise have been taxed according to their own statement 
These taxes are termed indirect, as they are not calculated on the 
income, but in an indirect manner. The art of reaching this net 
income, by taxes on consumption, or other indirect taxes, is very im- 
perfect Its perfection, however, is necessary, if the system <^ taxa- 
tion is to be established on just principles. 

By direct taxes, then, are understood such as are laid immediately 
on the real payers ; by indirect taxes, such as are assessed on othen 
in advance, who are left to remunerate themselves from the rest of 
the community. But the same principle does not afford a logically 
correct di\'ision ; for the same tax can be raised, at one time directly, 
at another indirectly. Thus all taxes of consumption may be raised 
as well from those who consume the articles, as from the tradesmen 
who deal in them. In like manner, many articles of luxury are 
taxed directly. Nevertheless, the taxes remain indirect, because the 
net income is taxed only according to the extravagance of individuals. 

Taxes imposed on goods at the time of their importation, are de- 
nominated customs, duties, or imposts, Adam Smith mentions one 
objection to this mode of raising revenue — that the importing mer- 
chant must enhance the price of his goods, not only by the amount 
of duty advanced by him, but also for interest, profit, and guarantee 
of that amount, so that the consumer must, in fact, pay more than 
the tax. This objection is avoided by an excise tax, which is levied 
on the goods in the hands of the person who uses them, or at the 
time of their coming into his hands. An annual excise is sometimes 
levied upon articles of a durable nature, such as cjirriages, watches, 
<fec., and the principle upon which this is apportioned, is to graduate 
according to the supposed expenditure of the persons paying the tax, 
assuming that this will be nearly in proportion to their income. 
With respect to imported articles, the excise is either a substitute for 
customs, or an addition to them. Considered as a substitute, the 
excise avoids the objection pointed out by Adam Smith ; but then it 
is an expensive tax to collect, and it necessarily gives rise to an irk- 
some inquiry into the private concerns and habits of people, so that, 
as fiur as miported goods are the subject of taxation, the customs are 
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the most convenient, and on the whole, the most productive tax ; and 
tiiis mode of taxing is almost universally adopted. in preference, both 
in Europe and in tibe United States. 

It cannot be made a question among a free people, to whom the 
right of taxation belongs. In England, the principle has long been 
a^nowledged, that taxes are a voluntary donation from the people to 
the government On the European continent, where, in the course 
of time, nearly all national representation has been lost, the physical 
power of the government is the suflficient argument, as in so many 
other instances, by which all discussion on the right of taxation is 
made useless. The theory of taxes has been but very lately illustra- 
ted and perfected. Adam Smith laid the first foundation of a com- 
plete theory, towards the end of the last century. It is well known 
that a dispute regarding the right of the mother country to levy 
taxes on her colonies, caused the American revolution, and led to the 
independence of the United States. The colonistA took the ground 
that taxation^ without rejpresentation, is oppression ; and they have 
always acted on that principle. 

The privilege of exemption from taxes is granted to some orders 
of society, to individuals, or to particular kinds of property. The 
reasons for which this exemption is usually allowed are as follows : — 
Ist The identity of the person exempted with the state ; 2d. To 
reward services rendered to the state ; 3d. As a means of paying 
debts, due from the state ; 4th. The incompatibility of the public 
burdens with the oflSce or character of the individual exempted; 
5th. Because the equivalent is received in some other way; 6th. 
Poverty ; Yth. Ancient privileges. These exemptions originated in 
a period of limited views. 

It is only in France, Britain, and the United States, that any- 
thing like a just system of taxation is attempted : and even in these 
countries, it may be said to be attempted rather than effected. In 
all other countries, part sometimes arises from public domains ; but 
most is raised by excessive imposts or duties, and not a little fre- 
quently by forced contributions. Thus in Turkey it was customary, 
until lately, for the pachas to fleece any person >vithin their provinces 
who had money, and hx the sultan to have the pacha, who had 
accumulated wealth, strangled, and then seize his treasures. 



§ VI. — ^Banks and Banking. 

The term hanJc, in reference to commerce, implies a place of de- 
posit of money. Banks are establishments intended to serve for the 
safe custody of money, for facilitating its payment by one individual 
to another, and for toe accommodation of tjbe public with loans. 
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Banks, like most commercial institutions, originated in Italy, 
where, in the infcmcy of European commerce, the Jews were wont 
to assemble in tlie markiit-places of the principal towns, seated 
iKjuches, rcatly to lend money ; and the term bank is derived from 
the Itiilian word hancOy or bench, from the benches on wJbich the 
Jews sat, to transact the business of money-lending. Banks aie 
of three kind*, viz., of deposit ^ of discount, and of circulaUon, or I ^ 
issue. In many cases, all these frmctions are exercised by the same ^ 
establishment ; sometimes, only two of them, and in other cases, 
though rarely, one. 

A bank of deposit receives money to keep for the depositor until 
he dra>\'8 it out This is the first and most obvious purpose of 
these institutions. The goldsmiths of London were formerly bankers 
of tliis description. They took the money, bullion, plate, <fec., of depos- 
itors, merely for safe keeping. Another branch of banking business is 
the discounting of promissory notes and bills of exchange ; or, loan- 
ing money upon mortgage, security, or pawn, <fec. A bank of cir- 
culation issues bills or notes of its own, intended to be the circulating 
currency, or medium of exchanges, instead of gold and silver. 
Banks are also di\ided into public and private; but what is a 
public bank is not very definitely settled. Where the supreme 
jwwer of the nation, or the municipal authorities of a place, as in 
Amsterdam, have the direct management of a bank, it is a public 
one ; and so are those institutions whose credit k connected with 
that of the government, or which are used as instruments in col- 
lecting and distributing the public revenues. Those also are usually 
considered public banks, which are carried on under a charter 
from the supi*eme power ; whereas a private bank is usually un- 
dei*stood to be one that is carried on by one or more individuals, 
without any particular connection with the government, or any 
sjx>cial authority or charter. Thus there is, in England, but one 
public bank, the bank of England — whereas, in the United States, 
most of the banks are public, and in some of the states, private 
banks of circulation are forbidden by law. The bank of England is 
the principal bank of circulation in that country ; but it is also a 
bank of deposit. The bank of France holds a similar position in 
that country. 

The establishuKint of banks has contributed, in no ordinary de- 
gree, to give security and facility to all sorts of commercial transac- 
tions. They afford safe and convenient places of deposit for the 
money that would otherwise have to be kept, at a considerable risk, 
in ])!'ivate houses. They also prevent, in a great measure, the ne- 
coo.slty of carrying moiiey from place to phice, to make payments, 
and enable these to bo made, in the most convenient, and least 
expensive manner. A merchant, for instance, or tradesman, who 



BAVKB AKD BAHKXKCF. S9S 

employB a banker, keeps but very litUe money in liis own hands, 
xxu&ing all his considerable payments by drafts, or checks, on his 
l>aiiker ; and he also sends the various checks, bills, or drafts, pay- 
able to himself to his bankers, before they become due. By this 
means he saves the trouble and inconvenience of countin<r sums of 
money, and avoids the losses to which he would otherwise be liable 
from receiving bad or uncurrent money, besides the trouble which 
frequently attends the presentation ot bills. A merchant can also 
refer to his bankers as vouchers for his respectability, and in case of 
desiring information respecting the credit or pecuniary circum- 
stances of any individual, his bankers will best acquaint him with 
&cts, as they make it their business to know the condition of those 
"who have dealings with banks. 

Banks generally charge no commission on the payments made 
and received on account of those who deal with them : but they 
allow no interest on the sums deposited with them, and it is either 
^pulated or distinctly understood, that a person employing a banker, 
should, besides furnishing him with sufficient funds to pay his drafts, 
keep an average balance in the banker's hands, varying, of course, 
with the amount of business done on his account ; that is, according 
to the number of his checks, or drafts to be paid, and the number 
of drafts and bills to be received for him. The bankers then calcu- 
late, as well as they can, the probable amount of cash it will be 
necessary for them to keep in their coffers, to meet the ordinary 
demands of customers ; and employ the balance in discounting mer- 
oantile bills, purchasing government securities, or in some other 
jHTofitable adventure. So that their profits result, in case of their 
not issuing notes, from the difference between the various expenses 
attendant on the management of their establishment, and the profits 
derived fix>m such parts of the sums lodged in their hands, as they 
can venture to employ in an advantageous way. 

Banks, as a general rule, do not allow any individual to overdraw 
his account. They answer drafts to the mil extent of the funds 
deposited in their hands ; but they will not pay a draft if it exceed 
that amount Sometimes, however, a person gives them security to 
a certain amount, and he can draw for any amount not exceeding 
that sum, whether he has any money on deposit or not. The usual 
method of obtaining money from a bank when one has nothing de- 
posited, is to give his note to the bank, with an endorser as security, 
for the sum he draws, and the interest in addition. 

The facility which banks afford to the public in the negotiation of 
bills of exchange, or in the making of payments at distant places, is 
very great Mtmy banks have a direct intercourse with others at a 
distance. Hence, an individual residing in any part of the country, 
who wishes to make a payment at a distant pointy may effect lus 

17* 
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object by Appljing to the bank nearest to him. Thufl^ sappose A, 
of New V ork, has a payment to make to B, of New Orleans : to 
send the money by post would be hazardous ; and if there 'wen 
high fractional parts of a dollar in the sum^ it would be inconvenient 
to make use of the post. How will A manage ? He will pay the 
sum to a banker in New York, and his creditor in New Orleans will 
receive it from a banker there. The transaction is extremely simple. 
The New York banker merely gives A a check on the correspond^^ 
bank in New Orleans, requesting them to pay the amount to B. A 
forwards the check to B, who accordingly dehvers it to the bank, and 
receives the amount The New York bank may probably inform 
their correspondents that they have drawn on mem for such an 
amount, payable to such a person, etc A small percentage charged 
by the New York banker, and the postage, constitutes the whole ex- 
pense. The|p is no risk whatever, and &e whole affiur is transacted 
m the cheapest and most commodious manner. A large proportion 
of inland bills made in the regions adjacent, and also foreign bilh 
drawn upon a person residing in a certain section of country, are 
made payable in some neighboring city. London, Paris, Amster- 
dam, and Hamburg, are the great centres of bill transactions in 
Europe ; and New York and New Orleans, in the United States. 

In consequence of these and other facilities afforded by the inven- 
tion of bankers, for the settlement of pecuniary transactions, the 
money required to conduct the business of an extensive country, is 
reduced to a mere trifle, compared with what it otherwise would be. 
It is not possible to form an accurate estimate of the total saving 
thus effected. But supposing that 100 or 150 mUhons of dollars of 
specie and bank notes are at present required in money transactions 
for the circulation of the United States, it may be fairly concluded 
that 500 millions would have been necessary to transact an equal 
amount of business but for these devices. This statement strikingly 
exliibits the importance of banking, in a public point of view. For 
by its means, 100 or 150 millions are rendered capable of perform- 
ing the same functions, and in a much more commodious manner, 
that would otherwise have required four times that sum : and sup- 
posing that 40 or 50 millions are employed by the banks as a capital 
m their establishments, no less than 60 or 100 millions will be en- 
tirely disengaged, or cease to be employed as an instrument of cir- 
culation, and made valuable for employment in agriculture, manufoo- 
tures, and commerce. 

Not only does the formation of banking establishments enaUe the 
business of a country to be conducted with a fer less amount of 
money, but it also enables a large portion of that less amount to be 
&bricated of the least valuable materials, or of paper instead of 
gold. The mode in which this substitution <m^nally to(A plaoe. 



BAVK8 AHD BASnONG. 895 

natarally grew out of the progress of society. When governments 
became suflSciently powerful and intelligent to enforce the observance 
of contracts, individuals possessed of written promii^es from others, 
that they would pay certain sums at specified periods, began to 
assign them to those to whom they were indebted ; and when those 
by whom such obligations are subscribed are persons of whose sol- 
vency no doubt can be entertained, they are readily accepted in pay- 
ment of the debts due by one individual to another. But when the 
circulation of obUgations or bills in this way has continued for a 
while, individuals begin to perceive that they may derive a profit by 
issuing them in such a form as to fit them for being readily used as 
a substitute for money, in the ordinary transactions of life. Ilonco 
the origin of bank notes. 

An mdividual in whose wealth and discretion the public have 
confidence, being applied to for a loan of 5,000 dollars, grants the 
applicant his bill or note, payable on demand, for that sum. Now 
as this note passes, (in consequence of the confidence placed in the 
issuer), currently from hand to hand, as cash, it is quite as useful to 
the borrower, as if he had obtained an equivalent amount of gold. 
And, supposing that the amount of interest is 6 per cent., it will 
yield, so long as it continues to circulate, a revenue of $300 per 
annum to the issuer. A banker who issues notes, coins as it were 
his credit. He derives the same revenue from the loan of his 
written promise, to pay a certain sum that he would derive from the 
loan of the sum itself; and, while he thus increases his own income, 
he also increases the wealth of society. Besides being incomparably 
cheaper, bank notes are incomparably more commodious than a 
metal currency. A bank note for $100, or $1000, may be carried 
about with as much &cility, as a single quarter dollar. It is of im- 
portance also to observe that its loss is only the destruction of so 
much paper. No doubt it might be a serious calamity to the 
holder; but to whatever eirtent it injured him, it woula propor- 
tionally benefit the issuer, whereas the loss of coin is an injury 
to the holder, without being of service to any one else ; it is, in 
fact, so much abstracted from the wealth of the community. 

Promissory notes, issued by private individuals or associations, 
diculate only because those who accept them have full confidence 
in the credit and solvency of the issuers, or because they feel assured 
they will be paid when they become due. If any circumstances 
transpired to excite suspicions as to their credit, it would be impos- 
sible for them to circulate any additional notes, and those that they 
had issued would be immediately returned for payment. Such is 
not the case with paper money, or with notes that are declared legal 
tender. It is not necessary, in order to sustain the value of such 
notesy that they should be payable at all. The only thing required 
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it that they should be iniied in limited qnantities. Every ooontrr 
ha^ a certain number of exchanges to make ; and whether these sr 
etl'ectod by the employment of a given number of coins, of a par- 
ticular donomination, or by the employment of the same number uf 
notes of tlie same kind, is of no importance. Notes %vliich hare 
been raailo legal tender may be regarded as a sort of tickets or 
couutori, to bo used in computing the value of j>roporty, and in 
traiLsterring it from one individual to another ; and they dreuLi^ 
because having been selected to perform the functions of money, 
they are as such readily received by individuals in payment of th ir 
debts. As they are m no wise afl^ted by fluctuations of credt, 
their value must depend entirely upon the quantity of them in cir- 
culation, as compared with the payments to bo made throngh th.'ir 
instrumentiility, or the business they have to perform. Ry reducing 
the value of notes below the supply of coins that would circulate in 
their ])lace, were they withdrawn, their value is raised above the ( 
value of gold ; while, by increasing them to a greater extent, their I 
value is lowered proportionally. In order to prevent the over-issuo \ 
of paper, it is necessary to enact a law that all notes should be pay- 
able on demand, and to prohibit any one firom issuing notes, until he 
has given full proof that ho is able to pay them. It is now ad- 
mitted by all to be indispensable, in order to prevent injurious fluc- 
tuations in the value of money, that all notes bo made payable at 
the pleasure of the holder, in an unvar}'ing quantity of gold and 
silver. This renders it impossible that the issuers of pai^er should 
depreciate its value below that of the precious metals. They may, 
indeed, by over-issuing paper, depress the value of the whole cur- 
rency, gold, as well as pai)er, in the country where the over-issue is 
made, but the moment they do this, gold begins to be sent abroad ; 
and paper, being returned upon the issuers for papnent^ they are 
obliged, in order to avoid exhausting their coffers, to lessen their 
issues, and thus, by raising the value of the currency, stop the 
drain for sjx?cie. 

nio circumstances that excite public confidence in the issuers of 
paper are extremely deceitful : and innumerable instances have 
occurred of the popuLition of extensive districts having suffered 
severely from the insolvency of bankers in whom they placed the 
utmost confidence. In 1Y93, in 1814, in 1815, and in 1825, a very 
large proportion of the banks in England were destroyed, and pro- 
duced by their fall an extent of ruin hardly equalled in any other 
country. Similar results liappened in the United States in 1825 
and in 1837. It is no exaggeration to affirm that countries sustain 
ten times more injury firom the circulation of worthless paper, or 

gaper issued by persons who have no means of redeeming it than 
om the issue of counterfeit coin and forged notes. Laborers, 
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women, rninosB, and other persons incapable of judging of K^^Wi^^ 
establishments, are, nevertheless, dealers in money, and liable to K? 
imposed upon. It is therefore the duty of legislatures to prote^^ 
the interests of those who cannot protect themselves^ by compeUir:^ 
all persons who issue notes to give sufiBcient security for redeeming 
them, before the notes are issued. A secivity of tms sort has been 
exacted by the British parliament, in the case of the bank of Eng>- 
land, and the twelve millions of pounds due to the bank by govern- 
ment, from the nation, must be sacrificed before the holders of iti 
notes can sustain the smallest loss. The stability of the bank of 
England may, therefore, be said to be equal to that of the Britiah 
government The system of taking securities has been found to 
answer so well, wherever it has been adopted, that the practice is 
rapidly extending, so that we may in future expect to escape the 
calamities of former years. Proper securities will render the ulti- 
mate fsuliu'e of banks of issue impossible ; and a degree of solidity 
will thus be imparted to money operations, which can never be 
realized where banks are allowed to issue notes to any extent they 
please, without caring whether they have any suffident means to 
redeem them or not 



§ VIL — Specie Currsnot. 

Coins, or spede currency, are pieces of metal — ^most commonly 
gold, silver, or copper — impressed with a public stamp, and generally 
made legsd tender, in payment of debts, either to a limited or an 
unlimited extent 

When the precious metals first began to be used as money, or as 
standards by which to measure the value of various articles, and the 
equivalents for which they are most commonly exchanged, they were 
in the shape of bars, or ingots, of no particular weight The parties, 
having agreed upon the quantity of metal to be ^ven for a commodity, 
ascertained the exact amount by weighing the l^rs. But it is obvious 
that a plan of this sort must have been attended with a great deal 
of trouble and inconvenience. The greatest obstacle, however, to the 
use of un^hioned metals as money, was found in the difficulty of 
determining their quality, or the degree of their purity, with suffi- 
cient precision. The operation of assaying is one of great nicety 
and difficulty, and could not be performed m the early ages, other- 
wise than in a clumsy, tedious, and inaccurate manner. It is, indeed, 
most probable that when the precious metals were first used as 
money, their quality would be appreciated only by their weight and 
color. A very short experience, nowever, would be sufficient to show 
that such unsatis&ctofy tests were exceedingly inaccnnte in Hmx 
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CoadiuioDs. It was soon discovered, that in order to ascertain the 
purity of gold, and to avoid the trouble and expense of weighing it, 
nothing more was necessary than to mark each piece with a stamp 
declaring its weight and tinoness. This invention was made at a 
very eany period. According to Herodotus, the Lydians were tlie 
first that coined money. 

Before the art of Metallurgy was well understood, the baser metals 
were often used as money. Iron was the primitive mcmey oi the 
Lacedemonians, and copper of the Romans. But both iron and cop- 
per deteriorate by being kept ; and, besides this defect, the rapid 
improvement of the arts, by lowering their price, rendered their bulk 
too great in proportion to their value, to permit of their continuing 
to be used as money. Copper, indeed, still is used, but only in very 
small payments. In England, copper coins are rated 72 per cent 
above their real value ; but, as their issue is exclusively in the hands 
of government, and as they are legal tender only to the extent of 
one shilling in any one payment, this over-valuation is not productive 
of any bad effect The use of copper, in other countries, is limited 
in much the same way ; gold and silver being everywhere the only 
metals used in the manufacture of the coins employed in considerable 
payments. 

§ Vni. — Standard op Coins. 

By the standard of coins, is meant the degree of its purity and its 
weight ; that is, the fineness of the metal of which it is made, and 
the quantity of metal contained in it. 

The purity of gold is not estimated by the weights commonly in 
use, but by an Abyssinian weight, called a carat. The carats are 
subdivided into four parts, called grains : and these again, into quar- 
ters ; so that a carat grain, with respect to the common divisions of 
a pound Troy, is equivalent to 2^ dwts. Gold of the highest de- 
gree of fineness, or purity, is said to be 24 carats fine. The gold is 
alwajrs supposed to be divided into 24 equal parts ; and the number 
of these which are gold, is indicated by the carats. Thus, "gold 18 
carats fine," means gold which contains 18 grains of pure gold, for 
every 6 of alloy, or gold of which one fourth is alloy. 

When gold coins were first made at the mint, in England, the 
standard of the gold put in them was 23 carats 3^ grains fine, and i 
grain alloy, and so it continued without any variation to Henry VIII., 
who, in the eighteenth year of his reign, introduced a new standard 
of gold, of 22 carats fine, and 2 carats alloy. The first of these 
standards is called the old, and the second the new standard, or 
crown gold ; because crowns, or pieces of the value of five shillings, 
were first coined of this new standard. Henry YHL made his gdd 
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coins of both these standards, under different denominationB ; and 
this practice was continued till 1633. From that period till the 
present moment, the gold of which the British coins have been made, 
has been invariably of the new standard, or crown gold ; though 
some of the coins made of the old standard, continued to circulate 
till 1732, when they were forbidden to be any longer current The 
purity of the present gold and silver coins of England, is eleven parts 
of pure metal, and one part alloy, or one twelfth of the whole weight 
of alloy. The French and United States coinage contains one tenth 
of alloy. In technical phraseology, the latter coins are 21.6 carats 
fine, and the English coins are 22 carats fine. The United States 
eagle, at present, weighs 258 grains, and the dollar 412.5 grains, and 
the halves and quarters in proportion. Our old coinage was heavier, 
and contained rather less alloy. 

The alloy in coins is reckoned of no value. It is allowed, partly 
in order to save the trouWe and expense that would be incurred in 
refining the metals so as to bring them to the highest degree of pu- 
nty ; and pardy because, when ite quantity is smaU, it has a ten- 
dency to render the coins harder, and less liable to be worn or 
rubbed. K the quantity of alloy were great^ it would lessen the 
splendor and ductility of the metals, and would add too much to the 
weight of the coins. 



§ IX. — CoLONnCS AND GOLONLiL POLIOT. 

The term Colony y is defined by Dr. Johnson, ** a body of people 
drawn from the mother country, to inhabit some distant place." But 
something more is necessary to complete the definiti<Hi than the idea 
of inhabiting a distant place ; for the mere inhabiting of another 
country would not constitute them a colony. It seems necessary 
that they should not Hve under the authority of any foreign govern- 
ment, but either remain under the government of the mother country, 
or exist under a government of their own. Of colonies remaining 
under the government of the mother country, the West India Islands, 
subject to tike different European states, afford an example. Of those 
existing under a government of their own, the most celebrated exam- 
ple is found in the colonies of the ancient states of Greece. The 
United States of America constituted an example of colonies of 
the first sort, before the revolution, which separated them from the 
mother countrv ; and now they may be regarded as constituting an 
example of colonies of the Grecian sort, as they exist \mder a gov- 
ernment of their own. 

Again, the term colony is sometimes employed in a sense in which 
the id^ of a body of people, drawn from ais^Mbsst ^\is^>\fi;^SiE| 
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seems to be included. Thus, we tslk ci ihe British Golomes in the 
east, meaning the East Indies. Yet^ it can hardly be said, that any 
body of people is drawn from the mother country to inhabit the East 
Indies. The only European people there, are a small number of 
persons who are sent to hold possession of a foreign and conquered 
country ; and, in this sense, all the conquered provinces of the an- 
ient Roman Empire, might be called what they never have been 
called — Colonies of Rome. In the meaning of the term " colony,** 
the predominant idea among the ancient Greeks and Romans, appeals 
to have been that of the people — ^the emigration of a body of peo- 
ple to a new and permanent abode. The predominant idea among 
the modems, respecting the term ^colony,'* appears to be the pos- 
session of a territory, lying out c^ the country ; and almost any out- 
lying territory, continuing in possession, would receive the name ci 
a colony. 

If we use the term with so much latitude as to embrace the pre- 
dominating, idea both of ancients and modems, we shall say that a 
colony means an outlying part of the population of the mother 
country, or an outlying territory belonging to it, either both in con- 
junction, or one of the two by itself 

Some of the British colonies are of the sort in which the predom- 
inating idea is that of the people who constitute it, or an idea oi 
population, resembling the Roman and Grecian colonies. There is 
nothing in modern times which so much resembles the colonization 
of Asia Minor by the Greeks, as the colonization of New England 
by the English. Of the first English settlers a large proportion went 
out to escape the oppression of a predominating religion, as the 
Greeks did to escape the oppression of a predominating political 
party. One difference was, that the English did not go off at once, 
in considerable bodies, under distinguished leaders, or with a large 
capital to provide for future prosperity. Accordingly, the prosperity 
of the New England colonies was much less rapid, and much less 
brilliant than that of the Grecian colonies of which we speak. 
Another great difference was, that the Grecian colonies were inde- 
pendent ; but the English colonies, though they made a sort of sub- 
ordinate government for themselves, were still held subject to the 
government of the mother country. 

A population is said to be redundant, not when it is numerically 
either great or small, but when it is too great for the quantity of 
the necessaries of Hfe, so that the population exceeds its resources 
for maintenance. 

Any one country produces, or procures a certain quantity of those 
necessaries in the year. If it has a population greater than such a 
quantity is sufficient to support, all ^at number which is over and 
above what it is capable of maintaining, is a redundancy oi popul»- 
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tion. When we sajthatwhere the supply of neoeaBftrles has beoone 
too small for the population, the great body of the people take lew 
wages for their labor, we mean that they take less than is requisite 
for their comfortable subsistence, because they would only have what 
was requisite for that purpose when the supply of necessaries was not 
too small for the whole. 

The effect of a disproportion between the necessaries of life and 
the population, is not to supply to the full measure, that portion 
whidi they are sufficient to supply, and to leave the redimdant portion 
destitute : it is to take a portion of his due quantity from every indi- 
vidual of that great class who have nothing to give for them bat 
manual labor. 

What this state of things imports, is most easily seen. The great 
class just mentioned, are the great body of the people. When every 
individual of that body has less than his due quantity of necessariesi 
less than his share, if the quantity were not too smali iox the populft- 
tion — ^the people at large must be in a state of painful and degraiding 
poverty. They are wretchedly fed, wretchedly dothed, and Hve in 
wretched houses ; and they have neither time nor means to keep their 
houses or their persons free from repulsive and pestiferous impurities. 
Those of them who, either from bodily infirmities have less tlian the 
ordinary quantity of labor to bestow, or from the state of their femi- 
lies need a greater than the ordinary quantity of necessaries, are con- 
demned to starve — either wholly, if they have not enough to sustain 
life at all, or partially, if they have only enough to yield them a 
lingeriujg, disei^ed, and shortened existence. 

What the ignorant and unthinking spectator sees in this, is not a 
redundant, but only a poor population. He sees nobody without 
necessaries who has enough to give for them ; to his eye, therefbie, 
it is not the necessaries of life which are wanting, but that which it 
to be given for them. 

In countries newly inhabited, or in which there is a small number 
of people, there is generally a quantity of land yielding a large pro- 
duce for a given portion of labor. So long as the land continues 
to yield in ^is liberal manner, however fast population increases, 
food and other necessaries may increase with equal rapidity, and 
plenty remain. When population has increased to a certain extent, 
all the best land is occupied ; if it increases any fiurther, land of 
a worse quaUty must be taken in hand. When land of the n^t 
best quality is all exhausted, land of a still inferior quality must be 
employed, till at last you come to that which is exceedingly barren. 
In this progress, it is very evident that it is always gradually becom- 
ing more and more difficult to make the necessaries of life increase 
with any given degree of rapidity, and that you must oome at last 
to a point where it is altogether impossible. 
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Tbien etm be ao iatAA, that by employing a greater proportioB 
of people in oultiystin^ the land every ensuing year, a greater qnan- 
tity of neoeesariet woiud be produced : in this way it would be pos- 
sible to go on increasing the food in quantity, as &st as the popula- 
tkNi increMed. The result, however, would be this : that as the 
land yields gradually less and less to every new potion of labor, it 
would be necessary to employ, not only a greater number of people 
as laborers, but a greater and greater prop(»rtion of the body of the 
people in raising necessaries ; and the larger this jwoportiion, the 
smaller the nuno^er <^ people employed in producing comforts or 
convenieooes. We could, thereforo, mcrease the quantity of neces- 
saries to meet the demands of the population, only by diminishiiig 
the supply of those other things which minister to human desires. 
Suppose the average number of children in a family to be five, and 
that the fiither's Imot was all required to produce tiie bare necessa- 
ries of life, there would be nothing for comfort, elegance, or ease. 
There would be no class exempt from the necessity of perpetual 
labor, by whom knowledge might be cultivated, and discoveries 
made. There would be no legislators, nor physicians. The human 
race would become a mere mv^tude of animals. 

When the population of a country is full, and it cannot increase 
without producing the evils of redundancy, a portion of the people, 
sent off to another country, may create a void ; and till this n filled 
up, population may advance as rapidly as before, and so on, for any 
numbcar of times. So long as the earth is not peopled to Ihat state 
of fulness, which is most conducive to human happiness, this re- 
source is the best sdieme for diminishing the rate of population. It 
is highhr desirable, on many accounts, that every portion of the 
earth, which is adapted to the well-being of humanity, should be 
inhabited as fully as the conditions of human happiness admit It is 
only in certain circumstances, however, that a body of people can 
be advantageously removed ^om one country, for the puipose of 
colonizing another. In the first place, it is necessary that the land 
they are about to occupy, should be capable of yielding a greater 
return for their labor Uian the land they leave ; otherwise, though 
relief is afforded to the land they leave behind, their own circum- 
stances would be no better than they would have been had they 
remained. Another condition is, that the expense of removal from 
the mother eountiy to the colony should not be too great. If the 
case be so, the population which remains behind may suffer more 
by the loss of capital than it gains by the diminution of its num- 
bers. A certain portion of capital is necessary to give sufficient 
employment : but i^ to afford the expense of removal, so much is 
takseii firom that capital that the remainder is not sufficient for the 
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rwimfaing popalatioii, there is still in tliat case a rednndanoy 6t 
population, and all the evils which it brings. 

The idea of a colony for the sake of getting rid of delinquents^ 
if not peculiar to English policy, is a more remarkable part of the 
policy of England than of any other country. In dealing with a 
delinquent population, the object aimed at, the security of the non- 
delinquent or virtuous part of the community, embraces two par- 
ticulars — security from we crimes of this or that individual ddin- 
quent, and security jfrom the crimes of many others, who may be 
tempted to follow his example. And the question arises, wheth^ 
transporting a delinquent to a foreign land, and subjecting him to 
certam privations, laws, and penalties, under the arm of govern- 
ment, can be effectual in securing those two great objects. We shall 
see that it never can secure either. The mere banishment of the 
delinquent to another country cannot secure his reformation ; and 
his o&nces will still affect all who come in contact, either with him, 
or those whom his example corrupts. Moreover, a very great pro- 
portion of those who are banished, will find the means of return- 
ing ; and those who do so, will be found to have become only more 
dexterous in crime, by their travels. Their associates' banishment can 
have no influence whatever in restraining those who are left behind, 
because they never see them ; and when they think of them, they 
will be apt to consider them gainers, rather than losers, by the 
change of place. The plan of penal colonies therefore has been, and 
ever will be, ineligible : such colonies have been of no benefit what- 
ever to Ei^land ; and the United States wisely avoided any such 
sch^ne. They take means to reform and punish delinquents, where 
they have committed crimes, instead of sending them to parts where 
reformation and the benefit of witnessing their punishment are 
equally hopeless. As penal settlements, therefore, colonies are 
worse than useless. 

If it be inquired, what reasons can any country have for desiring 
to possess the government of such territories ? we answer, there are 
two ways in which advantage might possibly accrue to the mother 
country: 1st The colonies might yield a tribute; or, 2d. They 
might yield an advantageous trade. 

With respect to tribute, the plan of forcing their free descendants 
to pay what is generally exacted only from conquered countries, is 
too absurd to be entertained. It could not bo enforced in andent 
times. Much less will it ever be submitted to in the present day. 

Those taxes which were vainly and unjustly attempted to be 
imposed upon the former English colonies of North America, were 
never dreamed of as a tribute, and never spoken of, except in a 
sense contrary to that of a tribute, namely, that of reimbursing to 
the mother country a part^ and no more than a part, oi that ex- 
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peoae which th^ cost her in governing and defending them. With 
legard to the East Indian colonies of Britain, so fiur ore they from 
yielding tribnte, that in loans, aids, and the expense of fleets and 
annies, they have cost enormous sums of moaej ; and their govern- 
ment has lUways been in debt. But the trade of those dep^idendes 
is supposed to be the great advantage which has been ascribed to 
what is called "" The British Empire in the Easf The advantage 
derived from this trade consists in monopoly. If the trade of those 
edonies were free, other nations would derive as much advantage 
from it as the mother country, and the mother country would 
derive as much advantage from it, if the colony were independent 

We will now inquire, what is the value of that advantage gained 
l^ monopoly from the trade of a colony.' It is very evident, that 
whatever the mother country gains, the colony loses. K the colony 
were part of the domioions of a foreign state, there are circum- 
stances in which that result would be desirable. But suppose the 
colony is a part of the same state, or of the same country, how is 
the result to be viewed! Is it not precisely the same sort of policy, 
as if New Hampshire were to be drained and oppressed for tl^ sake 
of New Y<»rk f Does the wealth of a state consist in the wealth of 
one part, effected by the misery of another? What should we 
think of such a rule for guiding the policy of a state ? This would 
be a c(Hitrivance for diminishing her wealth and happiness. For 
when from one of two parties, equally provided with all the means of 
enjojonent, you take a portion to give to the other, the hct is, that 
you add nothing to the happiness of the one, and you diminish that 
of the other. This is, in truth, the foundation upon which the laws 
lor the protection of property rest As the happiness of one man 
ia as dear to the country as the happiness of another, if the man 
who takes from another a part of his property, added to his own as 
much as he took from the happiness of the other, there would be 
no loss on the whole ; and the state would have no ground, in utility, 
on which to interfere. 

But this is not all Not only is the quantity of happiness dimin- 
ished upon the whole, but by that operation which gives the mother 
country an advantage by the trade of the colony, the quantity of 
produce ci the community is diminished upon the whole. The sub- 
jects of the state, taken as a whole, not only enjoy less than they 
otherwise would enjoy, but they produce less than they otherwise 
would produce. The state is not a richer state, but on the contrary, 
it is a poorer state by such a policy. For a portion of her capital 
IB employed in a channel in which it is less productive than it would 
have been in the channel into which it would have gone of its own 
accord. It is a point established in the science of p<£tical economy, 
that it is not good poUcy to conline consumption to any sort of home 
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manufiactore when it can be purchafied more cheaply abroad, 
reason is this : that in doing so, that country loses, or wastes the \ahc^^ 
of men who could be employed in producing some article more rttC^ 
or more valuable. This could be exported and exchanged for tla.^ 
article in demand, manu£actured by a foreign country, which migh.'t 
possess many natural advantages that enabled it to produce \he 
article at less expense than it could be produced at home, and could, 
therefore, afford to give much more of it than the domestic manu£EU> 
turer. The policy, therefore, of holding a colony for the benefit of 
its trade, is one which tends directly to impoverish a nation. 

A colony may be formed and retained for the sake of the gold and 
silver it may produce. Of this kind, we have a specimen in the 
former Spanish colonies of Mexico and Peru. K it be asked, whether 
any advantage can be derived from a colony of this description, the 
answer is this : in one case alone can it be advantageous to tlie 
mother country — that is, the case in which the colony contains 
the richest mines in the world. These always supply the whole 
world, when they contain the precious metals ; because, from those 
mines the metals can be afforded cheaper than the expense of work- 
ing them will allow them to be afforded from other mines, and the 
principle of competition always excludes the produce of all other 
mines from the market. 

Now the country which contains the richest mines, may so order 
matters as to gain from foreign countries, on all the precious metals 
which she sells them, nearly the whole of that difference which exists 
between what the metal in w<»:king costs to her, and what it costs 
at the mines which, next to hers, are the most fertile in the worid. 
It is now suflSciently understood, that money, in any country, suppos- 
ing other things to remain the same, is valuable just in proportion 
to its quantity. Take Mr. Hume's supposition, that England were 
walled round by a wall of brass, and that the quantity of her money 
were, in one night, either raised to double, or reduced to half. In 
the first case, every piece would be reduced to half its former value ; 
in the second place, it would be raised to double its former value, 
and the value of the whole would remain exactly the same. The 
coimtry would, therefore, be neither the richer nor the poorer ; she 
would neither produce more, nor enjoy more on that accoimt. It is 
never, then, by keeping the precious metals, that a country can de- 
rive any advantage from them ; it is by the very opposite, by part- 
ing with them. K a country has been foolish enough to hoard up 
a quantity of the produce of its capital and labor in the shape of 
gold and silver, it may, when it pleases, make a better use of it It 
may exchange it with other countries for something useful. Gold 
and silver, so long as they are hoarded up, are of no use whatever. 
"They contribute neither enjoyment nor production. Something usa- 
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ftd may be pnniuned with tibem, or someUuQg that is an article of 
enjoyment, and then they contribute to happiness ; or they may be 
expended for some materials of manufacture, or for the iiecessaries 
of the laborer, and then they contribute to production, and augment 
tlie riches, active capital, and the annual produce of the country. 
But so long as any country hoards up gold and silver, so long as it 
abstains from parting with them to other countries, so long it de- 
prives itself of the advantages derivable from a judidoos investment 
of capitaL 

Colonies are a grand source of wars. There is nothing to whidb 
history bears so invariaUe a testimony as this. Nothing is more re- 
markable in the annals of mankind than the frivolous causes which 
have (^n sufficed for going to war, even when there was little or 
no prospect of gaining, and ofien when there was the greatest prospect 
of losing by it But if the motives for engaging in war are so very 
strong, in governments which are perfectly despodc, they are much 
itronger in governments of which the power is still in any great de- 

rb limited and restrained. For there is nothing so welt calculated 
getting rid of all limit and restraint, and strei^bening tlie power 
of a government^ iRid riveting its chains upon the nedra of its sub- 
jects, as wars. The power of almost all governments is greater dur^ 
n^ war than during peace. But it is particularly so in the case of 
limited governments. In the first place, there is the physical •force 
of the army, and the terror and awe it impresses upon the minds 
of men. In the next place, there is the splendor and parade which 
captivate and subdue the imaginations of the unthinking, and make 
them contented to be slaves. Then there is the additional power 
entrusted to government ; and moreover, when the government is 
limited by l^e will of a certain portion of the people, as the British 
government is by the will of those who supply with members the 
two houses of Parliament, war aflbrds the greatest portion of the 
precious matter with which that will may be guided and secured. 

Nothing augments so much the quantity of that portion of the 
national wealth, which is placed at the command of the government, 
as war. Of course, nothing puts it in the power of the government 
to create so great a number of dependants, and such a number of 
persons bound by their hopes and fears, to do and say whatever 
government desires. 

With regard to additional expense, whenever a war breaks out, 
additional troops and additional vessels are always required for the 
protection of the colonies. Even during peace, the colonies afford 
the pretext for a large portion of the peace establishment, as it is 
called; that is, a mass of warlike apparatus and expense, which 
would be burdensome, even in a season of war. 

That the colonies multiply exceedingly the causes and pretexts of 
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war, is matter of history. Whatever hrings a nation into jealous 
contact with a greater number of states, increases in the same pro- 
portion, those clashings of interest and pride out of which the pre- 
texts for war are frequently created. Aid a great proportion of the 
wars that have arisen in modem Europe have, upon actual examina- 
tion and historical testimony, been proved to have arisen out of colo- 
nial disputes. 

We can now easily form an estimate of the respective disadvan- 
tages accruing to a country and its colonies from the dependence of 
the latter. The mother country incessantly incurs great expense, 
and is constantly liable to be plunged into the innumerable evils of 
war, on account of her colonies. At the san^e time, the commerce 
of the colonies and their internal policy, are so much interfered with, 
and all their energies are so much paralyzed by the selfish and 
foolish restrictions imposed by the mother country, that they can 
enjoy nothing like the prosperity which would be secured to them 
by independence. So far as an extensive commerce is oonoemed, 
there can be no comparison between the consumption of a flourishr 
ing, independent community, and that of a languishing colony. 
Thus the 100 millions of British subjects in India, import from her 
annually only about four millions of pounds' worth of her goods, 
while the 20 millions of the United States import from Britain to 
the amount of more than double that sum ; and this, although the 
India trade is exclusively in the hands of the British, wlule the 
United States are free to purchase everything wherever tiiey please. 
Rapidly as the population of the United States has increased since 
they became independent, the amount of British goods they 0(m- 
sume has increased much faster. 

It is not difficult to see why countries ding so eagerly to depend- 
ent colonies. They are a means of bringing money and power into 
ih^ hands of the government, and of a few cliques who co-operate 
with it. These are generally the most influential classes in the 
community ; and although they could easily see that the connection 
is a national loss, they will be slow to see what they do not wish to 
beUeve ; and the national loss is their pecuniary profit 
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their presages and direction. 327 

their generality and results 328 

Earth-worm, its ntUity 370 

Ebony. * 
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Echidaar. 281 

Echinodenaata 365 

Echinus 366 

Economy, pnUie 300 

Eddies 36 

Edentals 381 

Eft (see Evet,) 

Ehrenberg, his soolpcical discoreries.,. 85B 

Elder duck 378 

Elephant, fossil 167 

Asiatic 388 

African 290 

Elevation, its intlaenee oh dfmale 306 

Elk; fossil 168 

American 385 

European 387 

Eltonsk, lake oC 6 

Emerald 133 

Endogenous plants ; 345 

English lanpiiage 316 

Ephesus, why its site changed 138 

Equator, magnetic 7 193 

Erratic blocks (see Drift.) 

Etna 33C 

quantity ofmatter erupted by, (sole) ^6 
Europe, height of its mountains.^ 99 

its birds 379 

its mammals. 287 

Europeans, why eaterprfslnf 329 

spread of their ooloides..k... 390 

Evaporation ^. 177 

Evet 277 

Exogenous 'plants 9A5 



Falcon 380 

Falls 56 

their height often exaggerated. ». . . ib. 
force of that on the Ctmnectlcot. . . ib. 

Niagara 57, 58 

fallsin Scotland 57 

changes in falls. ib. 

artificial fklls ib. 

various kinds 58 

tables of falls 59 

Fata Morgaua 185 

Federal systems 350 

Felspar. .' 136 

Fingal'sCave 117,131, 154 

Finnish and kindred languages 317 

Fire-balls 191 

Fish, fossil 163 

peculiarities of. ]64 

extant species 373 

Flames, spontaneous.... 190 

Flint 133 

Flora of polar regions. 248 

of temperate xones 349 

oftorridzone 350 

Fogs, nature of. 177 

Forces, origin of permanent military.. . . 355 

Formations, geological 112 

Fossil remains, classification of 159 

vegetables. 160 

shells 161 

fish 163 

reptiles 164 

insecto and Uidfl ,..« 166 
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Kltre 1» 

NtimiMit. their eharnctBT (note) 33t 

Nfirth America, height of iu mooBtalns 98 

furthest Itmito (if til Infe In 849 

CHUte of rich tint* of Its fnresto... . 390 

lu birds S79 

Its mnmnmls. 9i5 

Its fhrbearing aaimals 9B6 

North 8ea 11 

ito depth SO 

its sand- hanks 80 

Northern nations, tlMlr supposed char- 
acter 334 

Nutmegs, where produced. 351 



Oases 93 

Oats 348 

where native 849 

Ocean 1 

its comparative sixe lb. 

its divisions, and tlieir areas 8 

its colors 15 

causes of its various hoes 16 

its phosphorescence 17 

extraordinary instances 18 

its temperature ib. 

** ^ at variolu depths.. . 19 

its depth ib. 

its motions 85 

geological chances prodaeed by ... . 137 
its temperature in various latitudes 818 

Oceanic languages 380 

Oceanica, divisions and islands of. •• • > 8 

Ochlocracy 349 

Oligarchy ib. 

Onyx 134 

Oolitic roclcs 157 

OjMil 134 

Ophidinns 875 

Oranp, Asiatic 889 

African, or chimpanzee 891 

Organic life, earliest condition of. 106 

Ormuzd. or Ommastes 345 

Ornithorhynclius 881 

Orders of society 358 

Ospray 878 

0.<i.Hian, his descriptions of the Aurora.. 1H7 

Ostrich 878, 380 

Ofairlans '. 898 

Owen, Professor, )iis inferences from a • 

single l>one (note) 355 

Ox, common (including auroch or urns, 

and brahniiny) 883 

American bison 884 

attempt to domestitate fnote) ib. 

European bison ib. 

Abyssinian, music and Tartar ox. . . ib. 

Arnee, or Asiatic bufiklo jb. 

Cape, or African buffalo ib. 

Oxygen, its effijcts on animals 173, 173 



P 

Pachyderms 881 

Pacinc Ocean 8 

its blands and seas. ib. 



Pnelfle 0e6nn,iti ihrnn ) 

Piilaeotherinm *•«•• M 

Palmeila nlvnlte. M^M 

Palm trees. U 

Pampas Wt •• 

Papandayang, volcano of. •• flB 

Papuans. • 811 

Parallel roads of Glenroy 55^^ 

Plarfaelia. W 

Paroqnets SJ 

Parsee language -V 

Passes •• JJ' 

Peacock: • 

Peaks J. 

Pea-stone '» 

Pebbles, geologicnl formations of. !■ 

PelhevI language 30 

Pennatnia — W 

Pentazoic rocks 19 

Persia, table-land ot fB • 

Persian language • SU 

Peruvian bark .....fSl 

Petrifactions, nature of Ul 

Petroleum Ml 

Phenician langoafe 319 

Physalia «5 

Pic volcano oC 9SB 

Pike »4 

Pigeons, wild V9 

Pinchbeck. MB 

Pine-apple... SS^g 

Pinna marina. w 

Plains. M 

great plain of old eontinent IB. 

productive, treeless plains M 

Plantains 251 

Plants, origin of. 105 

influence of tempeiatare on 238 

** light 235 

" " water 236 

" •• soil 237 

" «< the atmosphere 239 

stations and liabitations 241 

transmigrations and classes. 244 

botanical regions 245 

polar regions 248 

tenr^)erate zones.* 349 

torrid zone -250 

species different in the two conti- 
nents ib. 

table of vertical ranges 853 

Plateaus (see Takle4anda,) 

Platinum ; 143 

Plesiosaurus 165 

Po, land formed by 80 

Polar regions, flora of. 248 

Poles, nearest approach to %.. 2S 

magnetic VA 

Polish language .-. 317 

PoUiwogs 878 

Polynesia, islands of 2 

Polypifera 300 

Polysyllabic languages 2SA 

Polytheism 343 

fetichism lb. 

sabeism ib. 

druidism ib. 

origin of polytheisnu ib. 

its rites not allegoriont 345 

brahrainism ib. 



ill 



VAGI 

MytMiOit tbMMttilMi. 345 

boodhtom 346 

PlOimlaUon of yarioiis divlaiont of Um 

world 395 

deiMity of. 353 

redundant 400 

evil efiecta of. 401 

bow remedied 40S 

infloenee of coloBiet.... 403 

gorifer a 258 

PoitNroca •••■••• • • • €8 

Porphyry 153 

Porpoise S(OS 

Portugnese man-of-war 265 

Portufuese language 316 

Pbtatn ., 248, 250 

PotoaU height of mountain 98 

mines of. 145 

Poszuolanas 156 

Prairies *.. 94 

Prase 134 

Pirichard, his Ethnology 205 

his classification of races 300 

Primary limestone 166 

Primary, or primitive, roeiu 112 

their innoence on soil and scenery. 118 

Princess metal 152 

Protestants, account of. 338 

Protozoic rocks 157 

Ptarmigan (see TarwuuJum.) . 

Pterodactyl 165 

Pyrenees 90 

their height. 99, 101 

limits of trees on 253 

Pythons 276 



S^nadmmaas • 

ftuagga (see JSTorM.) 

^luartz 133, 135 

Quartz rocks 153, 157 

fttticksilver (see M§rcmy,) - 



Hain, origin of....% 177 

how size of drops determined 178 

where most falls 179 

annual fall, in several plaees lb. 

iU influence on climate 212 

Raintmw 184 

Rnin-water - 72 

Balang lake, its lloattaig Islands 60 

Rapids (see FalU.) 
Rass (see Skup,) 

Ravines 85 

Red Sea. its level 21 

Reindeer, American 285 

European.... .* 287 

Religions, general survey 336 

Protestants 337 

denominations of CJ. B. 338 

Catholics 339 

Mohammedanism lb. 

Judaism 340 

Samarltanltoi. lb. 

mSssloBe 341 



PAttI 

BeligloBs, pcdytheism 341 

Reptiles 275 

Rhinoceros, Asiatic 288 

African 290 

RhixodoniB, or crocodilidae 275 

Rice. 250, 251 

Rivers, their origin 53 

'* basins lb. 

** ehaanels. S4 

** declivity ib. 

eflBtcts of their oonllneaoe... ill. 

rivers withoot correats 55 

effects produced by ib. 

their periodic increase 60 

^ mouths 61 

** inundations 08 

** dimensions. Si 

tablesof do. ib. 

River water 133 

Roads and canals, how beneficial to 

trade 380 

Rockcrystal 133 

Rocks, meaning of term, in geology .... 108 

igneous and aqueous lb. 

classificatioo of lb. 

origin of nnstratified 103 

** *• straUfied 104 

structure of mountain rocks 112 

classification of stratified ib. 

'* ** nnstratified 114 

various positions of do 115 

ingredients of stratified 150 

various positions of do 158 

Rodento 281 

Rorquals 293 

Rosewood 8S8 

Rossberg, account of its Ibll 78 

Ronmoneek language 316 

Ruby, Bohemian 134 

Oriental US 

Ruminants 961 

Russian language 317 

Rye 

where native 



S 



Sabeism. S4S 

Sahara.... » 93 

Sal ammoniac 139 

Salamander...^ 977 

Salses 899 

Salt 139 

Salt mines, origin of. 107 

Saltpebn 139 

Samaritan dialect 319 

Samaritans « 340 

Samiel 106 

Sand, chemical nature of. 133 

Sand-banks 81 

Sand floods, eflbcts of. * 80 

Sandwich Islaads, their origin 05 

Sanscrit language. 312 

Sapphire 134 

oriental «%.... 135 

Saurians, fossIL 164 

extant. 275 

Sauroidfishes 194 

Savages, their eharMterlsties. 399 
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■nvtk AMrta. kM^otUi m 





TriloMls. IM 

TriUnolc rodn 1IT 

TniT. ornft 81, ISB 

TanctiHr, o» or Uh Gajnin <T 

Tmhsy. *\ld^'^\y^v.'■'■'.'.'.'.'.'.'.'.v."'. are 

Turkish IsngllBfE. 3I> 

Turks, Lrr«t chminlD Lhd fbcin of thdkr 

head?. rrr. m 

TurUei (toe OulimiaM.) ,„ 

Twlllgliu ^ 

r»IUM0fi(lT8lbltla» •■■■■ IM 

TiTi-™" :■.■■.■■.•.::■.'.:;■.:::;: iS 

UiilM9nt«.nHtknnannBliiUkiMbi 9S 

tbim orjonnneiil M> 

ihalrutAT. MO 

Iheli mlllllB 3«S 

tbBlr nlktlnu n th« balftBca of 

tbclr nrinca 3W 

Unl Maontalm, TBlmblemlMiof..... 114 
Dnu (IM Qz.) 

T 

Valleyi ■ «S 

hov Ibmml- , >',. 91 

wiJevBlleri 13 

vanriir''"''''""''^"'^".'V.':":*H 

Varlablfl ivlnili . JM 

MUMaof. .' IV.! !!!!!"!;"*! ju 

VaiuI. hiivlewanhBlHlucBofpinm SH 

VeRelnblM, ruull IW 

VegcuUnn, iinlo^ul chuifet pradnccd 

hy «3 

how It nriUi chrnnia IM 

VgngzuslL pWlD of M 

TH!uiii.....!il!. ""!!!!.'.'." w!il!'" » 
Virgmli dHc tea 

VUhnu 34S 

VDlcBDlenwlii IU,iaS 

'Volcsnaoa. e&ct^ at- BS 

Ibalrnrigin !»),«$ 

Sroduclldu of ISS 
surlpUnn dF an arnpUon.-i SSO 

thflr iwnJicLILe Kwca.' -- 921 

Ihelr noinphlei] dtiMlHitloii S3 

vnlcsnnndfllHiAauUe tU 

■ulHtuien cWcly ^Mlcd SM 

DiaddT srajMoiu US 

VglcBn. oii^B of Iba dally 3M 

VolMTW 377, ITB 

WkiiM lufufa. ne 

Wtlnu W 
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lVkM*^dMr 8BS 

Wasar, eoMpnlllM of. 4S 

Its ralatloM to heat 43 

watar of lakM 71 

propardas of Tariims klada 79 

patrifyiag waiar. 75 

iallammaMa lb. 

Its dettrayinff aflfeett 78 

its flmntaf aflbeta 79 

ia iBfloaBca CM dlnalas 906 

** ** plaati 936 

Water-ftlli (tea FUU.) 

Water-spottU 901 

WaTas.eavwof 96 

▼arkrat kindiof lb. 

balgbt aad valodty 97 

Wall-walar. 73 

WaUb, or Cyavacf laogaafe 315 

Wbalaa....:...Tr:.77!:TT 99S 

Wblrlpools 36 

Whlriwtada 900 

Wlmls, elasallleatloa 4ir. 103 

tbair valocltlaa. 104 

coostaat, or tnda lb. 

▼arlaUa 197 



Wladt, hunrlcaiias 

mnaMOM. or periodical 

ntlll^ aad pteasore derived froi 

iBflneDce oa climate 

Wonm. 

Woorall plant 

World, dlvlslou of. 

extent 

pc^HilatioB. 

T 

Yew-traet, great age of (note) 



liee B0r$e,) 

Zend langaage. 

Zinc 

Zodiacal ligbt 

Zoology 

Zoophytes 

Zuyder Zee, how formed. 



THE END. 
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